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REPORT 


CHAPTER  1 
INTRODUCTION 


General 

Boston  Harbor  and  the  rivers  tributary  to  it  have 
been  the  prime  resources  responsible  for  the  growth  of  the 
Boston  metropolitan  area.   These  waters  have  for  many  years 
served  industrial,  commercial  and  recreational  activities 
providing,  among  others,  the  service  of  wastewater  disposal. 
This  has  resulted  in  the  deterioration  of  these  resources 
to  the  degree  where  competing  uses  have  suffered. 

One  of  the  major  causes  of  pollution  recognized  for 
many  years  has  been  overflow  from  combined  sewers.   Initially, 
combined  sewers  were  built  to  convey  sewage  and  stormwater, 
two  urban  nuisances,  to  the  nearest  watercourse.   In  1884, 
the  Boston  Main  Drainage  Works  were  completed  consisting  of 
interceptors  collecting  much  of  this  pollution  and  diverting 
it  to  the  then  newly  constructed  Moon  Island  facilities  for 
discharge  away  from  the  shoreline  in  deeper  waters.   By 
about  1900  additional  interceptors  were  constructed  which 
diverted  stream  and  shoreline  discharges  to  deeper  waters 
off  Deer  and  Nut  Islands  constituting  respectively  the  North 
Metropolitan  Sewerage  District  and  the  South  Metropolitan 
Sewerage  District. 

These  interceptors  were  generally  sized  to  carry  all 
dry  weather  flow  plus  an  additional  allowance  for  storm- 
water.   The  stormwater  was  believed  to  dilute  the  dry 
weather  flow  to  the  point  where  overflows  would  not  adversely 
affect  the  quality  of  the  receiving  waters. 

One  of  the  most  comprehensive  early  studies  on  the 
conditions  in  the  Boston  Harbor  and  its  tributary  streams 
was  reported  in  Massachusetts  House  Document  No.  1600  of 
1936.*   At  that  time  no  treatment  was  provided  for  any  dis- 
charges to  the  Boston  Harbor. 

Findings  at  that  time  among  others  were  that  bacterial 
pollution,  floating  solids,  slick  and  sludge  deposits  were 
the  factors  related  to  objectionable  conditions  in  the 


*Repo~rt  of  the  Special  Commission  on  the  Investigation  of 
the  Discharge  of  Sewage  Into  Boston  Harbor  and  Its 
Tributaries,  Massachusetts  House  Document  No.  1600, 
December  1936. 
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Harbor,  but  in  no  case  did  results  show  that  a  nuisance 
would  result  from  lack  of  oxygen. 

As  part  of  its  recommendations,  the  report  recommended 
provision  for  treatment  at  the  main  interceptor  outlets, 
preparation  of  adequate  works  to  remove  causes  of  overflows 
that  prevent  bathing  along  the  waterfront  of  Boston  Harbor 
and  its  estuaries  and  tributaries  except  at  such  points  as 
may  meet  with  the  approval  of  health  agencies. 

Today  primary  treatment  is  being  provided  to  the 
intercepted  flows  at  the  Deer  and  Nut  Island  treatment 
plants.   However,  numerous  locations  exist  in  the  Boston 
Harbor  area  where,  during  rain  storms,  combined  sewage 
overflows  into  the  receiving  waters  untreated  as  it  did  in 
1936. 

Recognizing  the  importance  of  this  source  of  pollu- 
tion the  New  England  States  and  the  Environmental  Protec- 
tion Agency  have  established  the  following  \  olicy  and 
program  recommendations  on  combined  sewers  end  urban 
runoff. 

Policy 

"The  New  England  States  and  the  EPA  recognize 
combined  sewer  discharges  and  urban  runoff  as  a 
major  water  pollution  control  problem  in  New 
England.   Joint  State-Federal  water  pollution  con- 
trol programs  should  place  special  emphasis  on 
the  control  and  elimination  of  these  discharges 
through  construction  and  operation  and  maintenance 
programs,  giving  priority  to  those  discharges 
affecting  bathing  and  shellfish.   EPA  should 
continue  funding  demonstration  projects.   In  addition, 
the  States  and  EPA  recognize  the  necessity  for 
programs  to  minimize  the  pollutional  impact  of 
urban  storm  runoff." 

Program  Recommendations 

1.  "Accelerate  Municipal  Planning  for  Combined 
Sewer  Control. 

2.  Accelerate  Municipal  Programs  for  Operation 
and  Maintenance  and  Construction  to  Control 
or  Eliminate  Combined  Sewer  Discharges. 
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3.  Give  Appropriate  Priority  to  Combined  Sewer 
Correction  in  the  State-Federal  Planning  Process 
and  Construction  Grants  Program. 

4.  Clarify  the  Types  of  Treatment  Required  for 
Combined  and  Storm  Sewer  Discharges. 

5.  Alleviate  Pollution  from  Urban  Runoff  in  Design- 
ing Combined  Sewer  Correction  Systems  and  by 
Encouraging  Local  Land  Management  Practices  and 
Regulatory  Measures. 

6.  Achieve  Consistent  Policies  and  Design  Standards 
for  Combined  Sewer  Correction  Programs  among 
State  and  Federal  Agencies  Involved  in  Com- 
bined Sewer  Correction."* 

Purpose 

It  is  the  purpose  of  this  technical  data  volume  to 
present  an  evaluation  of  the  combined  sewer  overflow 
problem  in  the  Boston  Harbor  area  in  terms  of  quantifying 
the  problem  and  identifying  the  direction  that  technical, 
environmental  and  economic  analyses  should  take  during 
detailed  facilities  planning. 

Project  Approach 

Due  to  the  highly  varying  nature  of  combined  sewer 
discharges  both  in  terms  of  flow  and  pollution  concentra- 
tions, the  approach  to  this  project  is  to  use  computer 
models  to  aid  in  the  quantification  of  overflows  and 
sizing  of  alternative  remedial  facilities. 

The  approach  to  the  project  is  one  of  design  by 
analysis  wherein  computer  simulation  is  used  to  determine 
the  magnitude  of  the  combined  sewer  overflow  problem  under 
design  conditions.   Once  the  magnitude  of  the  problem  is 
determined  alternative  pollution  abatement  programs  can  be 
analyzed,  cost  estimates  based  on  uniform  treatment  process- 
es for  all  alternatives  can  be  prepared  and  environmental 
benefits  can  be  assessed. 


*"Joint  State-Federal  Policy  and  Program  Recommendations 
for  Four  Key  Determinants  of  Water  Quality  in  New  England," 
Region  1,  U.  S.  Environmental  Protection  Agency  and  New 
England  Interstate  Water  Pollution  Control  Commission, 
June  197^. 
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The  basic  tool  used  to  generate  the  quantity  and 
selected  quality  parameters  for  each  overflow  under  design 
conditions  was  the  Environmental  Protection  Agency's  Storm 
Water  Management  Model  (SWMM).* 

Overflows  were  developed  through  the  use  of  the  two 
major  blocks  of  the  SWMM.   These  blocks,  designated  as 
RUNOFF  and  TRANSPORT,  are  modified  versions  of  the  original 
model  to  permit  more  effective  use.   A  third,  EXECUTIVE 
block,  was  used  to  provide  the  function  of  interprogram 
coordination. 

The  RUNOFF  block  represents  processes  that  occur 
from  the  time  rainfall  begins  to  the  point  where  runoff 
enters  the  main  sewer  system,  taking  into  account  ground- 
water infiltration,  surface  detention  and  overland  flow. 
Quality  constituents  of  surface  runoff  (i.e.,  Biochemical 
Oxygen  Demand  (BOD),  suspended  solids  (SS)  and  coliform) 
are  also  included  in  the  model. 

The  TRANSPORT  block  represents  the  flow  processes 
that  occur  in  conduits,  manholes,  and  various  control 
structures  of  the  main  sewer  system.   The  quality  of 
surface  runoff  and  domestic  wastes  flowing  through  the 
transport  system  is  accounted  for  in  terms  of  concentra- 
tions of  BOD,  SS  and  coliform  bacteria  counts.   Effects 
of  sediment  deposition  and  pickup  along  with  BOD  decay  are 
also  included. 

Simulation  of  the  water  quality  in  the  Boston  Harbor 
as  a  result  of  combined  sewer  overflows  was  done  by  the 
Massachusetts  Division  of  Water  Pollution  Control.   Overflow 
hydrographs  obtained  as  output  from  the  SWMM  were  used  as 
input  to  the  Division's  Hydrodynamic  and  Time  Variable 
Water  Quality  Model**  to  simulate  conditions  in  the  Harbor. 
Simulation  included  existing  conditions  as  well  as  condi- 
tions for  each  combined  sewer  abatement  alternative,  and 
indicated  the  effectiveness  of  alternative  pollution  con- 
trol measures. 


*Storm  Water  Management  Model,  Vols.  I -IV,  U.  S.  Environ- 
mental Protection  Agency  11024DOC07  to  10,  prepared  by 
Metcalf  &  Eddy,  Inc.,  University  of  Florida,  and  Water 
Resources  Engineers,  Inc.,  July  1971. 
**Development  of  Hydrodynamic  and  Time  Variable  Water 
Quality  Models  of  Boston  Harbor,  Commonwealth  of 
Massachusetts  Water  Resources  Commission,  prepared  by 
Hydroscience,  Inc.,  July  1973. 
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Report  Structure 

This  report,  Technical  Data  Vol.  7,  Combined  Sewer 
Overflow  Regulation  is  organized  into  six  chapters  and 
six  appendixes.   Chapter  2  contains  descriptions  of  the 
combined  sewer  service  area  within  the  MDC  system,  the 
extent  of  the  overflow  problem  and  its  effects  on  the 
Boston  Harbor  receiving  waters.   Analysis  Criteria  used  in 
the  computer  simulation  to  determine  the  quantity  and 
quality  of  overflows  are  presented  in  Chapter  3.   Descrip- 
tions of  existing  and  overflow  pollution  control  facilities 
and  recent  studies  are  presented  in  Chapter  4.   Chapter  5 
presents  a  description  of  additional  alternatives  and 
related  costs.   Also  contained  in  this  chapter  are  the 
results  of  modeling  the  Boston  Harbor  water  quality. 
Chapter  6  presents  a  recommended  plan  of  action. 

Appendix  A  presents  the  method  of  design  hyetograph 
development.   Appendix  B  contains  a  comparison  of  results 
obtained  by  using  design  storms  of  1-year  and  15-year 
frequency.   Demonstration  of  the  SWMM  in  the  study  area  is 
presented  in  Appendix  C.   Overflow  characteristics  of  the 
drainage  areas  as  obtained  from  the  computer  simulations 
are  presented  in  Appendix  D.   Appendix  E  contains  computer 
modeling  instructions  for  the  user  of  the  SWMM.   An  index 
of  the  modeling  packages  used  to  simulate  the  combined 
sewer  area  is  presented  in  Appendix  F. 
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CHAPTER  2 
EXISTING  SITUATION 


General 

The  combined  sewer  area  within  the  MDC  system  is 
composed  of  a  densely  populated  urban  area  supported  by 
one  of  the  oldest  sewer  collection  systems  in  this  country. 
Except  for  small  isolated  sections,  combined  collection 
systems  were  constructed  prior  to  19^0  with  the  oldest 
sections  dating  back  to  before  1900. 

Today,  combined  sewers  serve  about  50  percent  of 
the  MDC  served  population  covering  about  one-fifth  of  the 
sewered  area  tributary  to  the  MDC  systems. 

Overflows  of  combined  sewage  occur  in  excess  of 
100  locations. 

During  a  recent  conference  on  the  Boston  Harbor*, 
it  was  presented  that  the  biggest  problem  confronting  the 
Boston  Harbor  area  is  solving  the  combined  sewer  discharge 
problem,  which  was  proposed  as  the  number  one  water  pollu- 
tion control  priority. 

Combined  Sewer  Area 

The  combined  sewer  area  in  Metropolitan  Boston  con- 
sists of  all  or  parts  of  five  communities.   These  five 
communities  together  with  abbreviations  used  to  identify 
them,  for  modeling  purposes  are  listed  below: 

Municipality  Abbreviation 

Boston  B 

Brookline  BR 

Cambridge  C 

Chelsea  CH 

Somervllle  S 

Figure  2-1  shows  the  extent  of  the  combined  sewer 
service  area  and  the  breakdown  of  the  area  into  separately 
modeled  drainage  basins.   This  breakdown  was  necessitated 

by  the  modeling  requirements.  Each  basin  was  assigned  an 
identification  code  which  is  also  shown  on  Figure  2-1  and 
in  Table  2-1. 


* P^oceedi ng,  Third  Session,  Conference  In  the  Matter  of 
Pollution  of  the  Navigable  Waters  of  Boston  Harbor  and 
Its  Tributaries  -  Massachusetts,  Environmental  Protec- 
tion Agency,  October  1971. 
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FIG.  2-1  COMBINED  SEWER  AREA 


TABLE  2-1.   COMBINED  SEWER  DRAINAGE  BASINS 
IN  THE  BOSTON  METROPOLITAN  AREA 


Municipality    Basln(l) 


.  ■ 


Boston 

Boston 

Boston 

Boston 

Boston 

Boston 

Boston 

Boston 

Boston 

Boston 

Boston 

Boston 

Chelsea 

Brookline 

Somerville 

Somerville 

Cambridge 

Cambridge 

Cambridge 

Cambridge 

Cambridge 

Cambridge 

Cambridge 

Cambridge 


Study  area 
total 


(5) 


Bl 

B2 

B3 
B4 

ii<3> 

B9eo 

BIO 
Bll 
B12 

B15 

Bl6 

CH 

BR 

SI 

S2 

C3 

C7 

C8 

C9 

CIO 

C12 

Cl4 
Cl6 


Area(2) 
(acres ) 


24,370 


Sewered 
population 
(x  1,000) 


690 

11.1 

1,000 

8.6 

1,295 

34.0 

1,234 

98.7 

835 

110.9 

2,425 

235.9 

2,370 

39.9 

1,085 

4.6 

2,296 

32.5 

2,152 

65.6 

3,098 

48.5 

1,423 

53.7 

460 

10.1 

497 

17.4 

1,286 

36.9 

423 

14.2 

603 

16.5 

100 

3.5 

23 

2.8 

137 

4.2 

382 

12.2 

220 

7.2 

221 

2.9 

118 

2.9 

875.0 


Basins  B14,  B17  and  C4  shown  on  Figure  2-1  are  separate 

sewer  areas  and  are  not  included  in  this  combined  sewer 

analysis . 

Includes  separate  sewer  areas  tributary  to  combined 

sewer  systems. 

Includes  B8A  and  B8B. 

Includes  B9A  and  B9B. 

Somerville  Basin  SI  includes  Cambridge  Basin  CI. 


1. 


2. 

3. 

4. 

5. 


Also  shown  on  Figure  2-1  are  the  approximate  loca- 
tions of  69  selected  overflow  points  that  were  included  in 
the  models.   Although  not  all  minor  points  were  explicitly 
modeled,  their  flow  contributions  were  accounted  for  and 
aggregated  with  the  larger  nearby  overflows  in  the  models. 
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Although  overflow  locations  exist  along  the  North 
Charles  Relief  Sewer  upstream  from  the  existing  Cottage 
Farm  Combined  Sewer  Detention  and  Chlorination  Station  in 
Cambridge,  these  were  also  excluded  as  they  are  expected 
to  be  taken  care  of  at  that  facility.   The  impact  of  these 
overflows  on  the  Charles  River  Basin  needs  to  be  monitored 
in  light  of  the  ongoing  separation  program  in  Cambridge  and 
in  relationship  to  other  discharges  in  the  Basin. 

In  Boston,  all  or  parts  of  West  Roxbury,  Roslindale, 
Mattapan  and  Hyde  Park  are  served  by  separate  sewer  systems. 
Most  of  Brookline  and  parts  of  Cambridge  also  have  separate 
sewers.   These  separate  sewer  areas  are  not  included  in 
this  study  except  if  they  are  tributary  to  a  combined  sewer 
system.   In  those  cases,  dry  weather  flows  are  also  included. 
Table  2-1  lists  the  drainage  basins  containing  combined 
sewers  together  with  their  area  and  population.   Drainage 
basin  identification  numbers  in  Table  2-1  correspond  to 
those  shown  on  Figure  2-1. 

Dry  weather  flow  transported  by  the  combined  sewer 
system  is  routed  to  the  City  of  Boston  and  MDC  interceptors 
and  transported  to  the  Deer  Island  Treatment  Plant.   During 
wet  weather,  combined  sewage  overflows  to  the  following 
receiving  waters: 

1.  Charles  River 

2.  Mystic  River 

3.  Chelsea  River 

4.  Neponset  River 

5.  Boston  Harbor 

6.  Dorchester  Bay. 
Overflow  Occurrences 

Stormwater  characteristics  are  highly  variable  in 
quantity  and  quality.   Overflows  at  a  location  are  dependent 
on  the  degree  of  rainfall,  antecedent  conditions,  season 
of  the  year  and,  to  some  degree,  on  the  capacity  of  the 
interceptor  system  serving  it. 
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During  a  study  on  rates  of  flow  at  the  MDC  East 
Boston  Pumping  Station*  it  was  found  that  stormwater  runoff 
affected  flows  at  the  pumping  station  about  9  percent  of 
the  time. 

Also,  McKee**  reported  that  about  6  percent  of  the 
time,  overflows  could  be  expected  in  the  Boston  Harbor 
area.   Studying  selected  rainfall  records  for  summer 
recreation  periods,  he  concluded  that  for  interceptors 
designed  on  the  basis  of  three  times  dry  weather  flow  about 
five  overflows  per  month  would  occur. 

Extent  of  the  Overflow  Problem 

A  general  comparison  of  the  quality  of  combined 
sewer  overflows  with  other  urban  wastewaters  is  shown  in 
Table  2-2. 

As  shown  in  Table  2-2,  in  terms  of  average  biochemi- 
cal oxygen  demand  for  the  15  cities  measured,  the  quality 
of  combined  sewage  overflows  equals  that  at  Deer  and  Nut 
Island  treatment  plants  discharges  but  is  considerably 
greater  in  terms  of  the  average  rate  of  solids  discharged. 

Similar  comparisons  can  be  made  for  biochemical 
oxygen  demand  and  suspended  solids  from  the  results  of  the 
combined  sewer  modeling  and  effluent  loadings  from  Deer 
Island  Treatment  Plant.   The  following  loads  were  estimated 
to  be  overflowing  to  the  receiving  waters  during  simulation 
of  design  storm  conditions.   A  runoff  period  of  approxi- 
mately 8  hours  was  used  since  the  one-year  design  storm 
produces  runoff  detectable  by  the  SWMM  for  approximately 
8  hours. 

Combined  Sewer  Overflows 


Peak  flow         13,000  cfs  (8,400  mgd) 
Total  loads 

BOD,-  75,100  lb 

0 


* "Memorandum  to  the  Metropolitan  District  Commission 
Relative  to  Pumping  Head  and  Rates  of  Plow  at  East  Boston 
Pumping  Station",  Metcalf  &  Eddy  Engineers,  April  10, 

19  *»0. 

**"Loss  of  Sanitary  Sewage  Through  Storm  Water  Overflows, 
by  J.  E.  McKee,  Journal  Boston  Society  of  Civil  Engineers, 

19^7. 
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TABLE  2-2.   QUALITY  COMPARISON  OF  COMBINED 
SEWAGE  WITH  OTHER  URBAN  WASTEWATERS 


Combined  sewage 
(4) 


(    v     fos      Total  coli- 
Dc-,u;   SS^;   formsC3)  MPN/ 
mg/L    100  ml 


mg/L 


Average 
First  flush 


(4) 


115      410     5  x  106 
170-182  330-848  1.5  to  310  x 


1  to. 
106 


Extended  flow 


(4) 


26-53     113-174      1.5   to    310   x 

106 


Surface  runoff 


(4) 


Deer  Island  plant 
effluent (5) 


Nut  Island  plant 
effluent (5; 


30 


107 


119 


630 


68 


103 


4  x  105 


(6) 


(6) 


1.  Biochemical  oxygen  demand  is  the  amount  of  oxygen 
resources  required  for  reducing  organic  matter  and, 
therefore,  is  a  measure  of  strength  of  organic  pollu- 
tion.  Concentrations  shown  are  in  milligrams  per  liter. 

2.  Suspended  solids  are  a  measure  of  matter  discharged 
and  consists  of  both  biologically  degradable  and  inert 
particles.   Normally,  the  proportion  of  inert  particles 
is  greater  in  combined  sewer  overflows  than  in  treat- 
ment plant  discharges.   Concentrations  shown  are  in 
milligrams  per  liter. 

3.  Total  coliforms  are  harmless  bacteria  used  as  indicators 
of  the  probability  for  disease-producing  organisms  to  be 
present.   A  measure  of  their  presence  is  used  as  criteria 
to  prohibit  swimming  and  shellf ishing.   Concentrations 
are  reported  as  most  probable  number  per  100  milliliters. 

4.  Based  on  measurements  in  15  similar  urban  areas  in  this 
country  and  reprinted  in  Urban  Stormwater  Management 
and  Technology:   An  Assessment,  U.  S.  EPA,  EPA- 6 7 0/2- 
74-040,  prepared  by  Metcalf  &  Eddy,  Inc.,  December  1974. 

5.  July  1,  1974  to  June  30,  1975. 

6.  Negligible  due  to  disinfection  of  effluents. 
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SS  795,480  lb 

Coliform      103  MPN/100  ml  to  108  MPN/100  ml 


These  loads,  as  simulated 
compared  to  the  recorded  Deer  Is 
effluent  loadings  for  1975  to  be 
impact.  The  SWMM  has  been  demon 
to  Boston  such  as  Chicago,  Phila 
Washington,  D.  C.  and  Cincinnati 
ments  from  the  Lowell  Street  dra 
were  used  to  demonstrate  the  rel 
lated  results  (see  Appendix  C). 


by  the  SWMM,  can  be 
land  Treatment  Plant 
tter  understand  their 
strated  in  cities  similar 
delphia,  San  Francisco, 

Further,  actual  measure- 
inage  area  in  Cambridge 
lability  of  the  SWMM  calcu- 


Deer  Island  Treatment  Plant 


Maximum  hourly  rate 
Average  daily  flow 
Total  loads 

BOD- 

5 

SS 

Coliform 


990  cfs  (640  mgd) 
450  cfs  (292  mgd) 

86,600  lb/8  hr  (260,000  lb/day) 
54,600  lb/8  hr  (164,000  lb/day) 
99.99  percent  kill 


More  important  than  biochemical  oxygen  demand  and 
suspended  solids  is  the  discharge  of  floating  matter  and 
the  failure  to  provide  disinfection  of  combined  sewer 
overflows. 

Although  pollution  from  combined  sewer  overflows  is 
only  intermittent  and  has  been  estimated  to  occur  on  the 
average  only  about  five  or  six  times  per  month  for  short 
periods  of  time,  the  location  of  such  discharges,  as  shown 
on  Figure  2-1,  makes  them  a  deterrent  to  the  effective  use 
of  the  Boston  Harbor  as  a  recreation  resource.   The 
problem  is  not  the  overall  volume  of  pollution  discharged 
annually,  which  is  relatively  small  compared  to  the  volume 
of  the  receiving  water  in  the  Harbor,  but  the  intermittent 
discharge  of  floating  matter,  undisinf ected  fecal  wastes, 
debris  and  other  solids  constituting  a  danger  to  health 
and  aesthetics  of  the  Boston  Harbor  water  resources. 

A  measure  of  the  aesthetics  problems  is  the  numerous 
complaints  that  Boston  Harbor  is  polluted  by  the  population 
in  general. 
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A  measure  of  the  health  aspects  of  combined  sewage 
overflows  is  reflected  by  coliform  measurement  data  at  the 
time  of  and  shortly  after  rainstorms.   Such  data,  however, 
are  limited.   An  analysis  of  recent  data  relative  to  Boston 
Harbor  and  the  Charles  River  Basin  is  presented  in  the 
following  sections. 

Effect  of  the  Overflows  on  the  Boston  Harbor. 
Coliform  bacteria  data  collected  by  the  Division  of  Water 
Pollution  Control*  during  the  summer  and  fall  of  1972  in 
the  Boston  Harbor  indicates  sensitivity  of  total  and  fecal 
coliform  to  rainfall.   Data  from  six  representative  gaging 
stations  were  reviewed  and  the  results  indicate  a  generally 
consistant  pattern  with  coliform  counts  increasing  after 
heavy  rainfall . 

A  typical  inner  harbor  station  located  200  yards  off 
the  Aquarium  and  Central  Wharf  recorded  total  coliform 
counts  ranging  from  240,000  to  930,000  most  probable 
number  per  100  milliliters  (MPN/100  ml)  on  three  separate 
days  when  0.5  inches  of  rain  or  more  had  occurred  within 
the  previous  36  hours.   At  the  same  station  on  three  other 
days  with  rainfall  of  less  than  0.1  inch  occurring  in  the 
previous  36  hours  total  coliform  counts  ranged  from  24,000 
to  93,000  MPN/100  ml.   This  data  suggests  that  the  increase 
in  rainfall  resulted  in  combined  sewer  overflows  causing  an 
increase  in  total  coliform  count  by  a  factor  of  10. 

A  typical  station  in  Dorchester  Bay  just  west  of 
Thompson  Island  recorded  a  similar  response  of  a  ten  fold 
increase  in  total  coliform  count  after  moderate  to  heavy 
rainfall.   On  three  separate  days  with  rain  of  at  least 
0.5  inches  in  the  previous  36  hours  total  coliform  counts 
ranged  from  93,000  to  24,000  MPN/100  ml.   On  four  days 
with  0.1  inch  of  rain  or  less  in  the  preceeding  36  hours 
the  total  coliform  count  ranged  from  91  to  2,400  MPN/100  ml 
Results  for  fecal  coliform  counts  were  found  to  follow  the 
same  pattern  as  total  coliform  for  the  1972  study. 


*Boston  Harbor  Pollution  Survey  -  1972  Part  A:   Data 
Record  of  Water  Quality  and  Wastewater  Discharges, 
Division  of  Water  Pollution  Control,  Massachusetts  Water 
Resources  Commission,  April  1973. 
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Additional  data  was  collected  during  the  summer  of 
1970  by  the  Massachusetts  Department  of  Public  Health  and 
is  presented  in  a  report  on  the  Dorchester  Bay  Beaches.* 
This  data  indicate  that  rainfall  as  well  as  tide  conditions 
affect  the  total  and  fecal  coliform  counts  in  the  near 
vicinity  of  the  Dorchester  Bay  Beaches.   In  the  case  of 
Tenean  Beach  (the  only  beach  where  bacteriological  quality 
of  water  was  found  to  be  unsatisfactory  as  a  result  of  the 
Public  Health  Study),  it  was  recommended  that  bathing  be 
restricted  during  periods  of  low  tide  water  or  after  rain- 
falls of  certain  minimum  intensities. 

Effects  of  the  Overflows  on  the  Charles  River.   The 
Charles  River  Basin,  comprising  approximately  the  lower 
8  miles  of  the  River,  was  intended  to  become  "the  most  beauti- 
ful and  useful  park  in  America."   Serious  deterrents  to  this 
goal  have  been  the  pollution  entering  the  Basin  from  upstream 
discharges,  combined  sewer  overflows  to  the  Basin  and  admis- 
sion of  polluted  salt  water  at  the  Dam. 

Planning  is  underway  for  the  upgrading  and  construct- 
ing of  treatment  plants  in  the  upstream  areas  of  the  Charles 
River. 

The  new  Charles  River  Dam  being  constructed  just  down- 
stream from  the  present  Dam  is  designed  to  reduce  the  salt 
water  intrusion  and  thereby  eliminate  stratification  of  the 
basin  by  drawing  discharge  water  from  submerged  intakes. 

The  combined  sewer  overflow  problem  has  begun  to  be 
abated  by  the  operation  of  the  Cottage  Farm  Combined  Sewer 
Detention  and  Chlorination  Station,  located  just  upstream 
of  the  Boston  University  Bridge  in  Cambridge.   The  Cottage 
Farm  Facility  treats  overflows  from  the  North  and  South 
Charles  relief  sewers.   Much  still  needs  to  be  done  to  abate 
combined  sewer  overflows  to  the  Basin,  particularly,  as  will 
be  seen,  in  the  Back  Bay  Fens  which  forms  an  important  part 
of  the  Charles  River  Basin. 


*Report  to  the  Interagency  Task  Force  on  the  Survey  of  the 
Dorchester  Bay  Beaches,  Massachusetts  Department  of 
Public  Health,  1970. 
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Data  presented  In  the  report  on  Combined  Sewer  Over- 
flows to  the  Charles  River  Basin*  indicates  that  the 
coliform  count  in  the  Basin  increases  during  and  immediately 
following  rainfall.   The  largest  increases  were  recorded 
within  and  just  downstream  of  the  Back  Bay  Fens  indicating 
the  Importance  of  controlling  combined  sewer  overflows 
entering  the  Fens.   Controlling  overflows  into  the  Fens 
means  for  the  most  part  controlling  overflows  from  the  Stony 
Brook  conduit  which  drains  more  than  one  third  of  the 
Charles  River  Basin.   Overflows  from  the  Stony  Brook  con- 
duit are  discharged  into  the  Fens  approximately  3/^  of  a 
mile  from  the  Charles  River. 


^Combined  Sewer  Overflows  to  the  Charles  River  Basin, 
Massachusetts  Division  of  Water  Pollution  Control,  prepared 
by  Process  Research,  Inc.,  August  1972. 
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CHAPTER  3 
ANALYSIS  CRITERIA 


General 


This  chapter  presents  the  general  engineering 
criteria  used  in  estimating  the  quantity  and  quality  of 
flows  and  the  treatment  processes  necessary  for  adequate 
pollution  abatement  for  combined  sewer  overflows  from  the 
Boston  Metropolitan  Area. 

Design  Storm 

Wet  weather  flow  in  combined  sewer  systems  consists 
of  storm  runoff  and  normal  dry  weather  flow.   Studies*  have 
indicated  that  hydraulically ,  storm  runoff  is  by  far  the 
most  significant  component;  therefore,  the  selection  of 
the  hydrologic  basis  for  design  is  important.   In  the  design 
of  storm  drains  and  combined  sewers  extreme  events  are 
normally  selected  as  the  basis  for  sizing  of  pipes.   Events 
of  between  five  and  50  year  severity  have  been  used  for  such 
designs.   For  the  regulation  of  combined  sewer  overflows, 
severities  of  such  magnitude  normally  are  not  justified 
because  the  older  combined  systems  normally  do  not  have 
such  transport  capability;  because  the  cost  of  regulating 
such  flows  increases  drastically  with  severity,  whereas 
relative  pollution  loads  only  increase  slightly;  and 
because  during  such  hydrologically  severe  events  the 
receiving  water  usually  acts  quite  differently  than  under 
normal  dry  weather  flow  conditions. 

For  the  purposes  of  sizing  facilities  and  estimating 
their  cost  in  this  study,  a  storm  of  one-year  severity  and 
six-hour  duration,  as  shown  on  Figure  3-1?  was  chosen  as  the 
design  storm.   A  description  of  its  development  is  presented 
in  Appendix  A.   This  storm  was  selected  judgementally , 
based  on  past  experience  and  on  a  comparison  between  a  one- 
and  a  15-year  storm.   Figure  A- 2  shows  the  15-year  severity 
storm,  while  Appendix  B  presents  a  comparison  of  the  one- 
year  and  15-year  storms. 

During  Step  I  facilities  planning  in  each  area  the 
design  storm  parameters  should  be  tested  for  their 
sensitivity  to  cost  effective  pollution  control  and  achieve- 
ment of  water  quality  objectives,  including  the  functioning 


*Urban  Stormwater  Management  and  Technology:   An  Assess- 
ment, U.  S.  Environmental  Protection  Agency  EPA- 6 70/ 
2-74-04  0,  prepared  by  Met  calf  8.-  Eddy,  Inc.,  December  197^. 
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of  finally  selected  facilities  under  actual  longer  range 
hydrologic  records.   For  example,  it  may  be  that  the 
criteria  for  overflows  to  the  Charles  River  Basin,  the  Dor- 
chester Bay  beaches  and  the  immediate  Inner  Harbor  should 
differ  in  accordance  with  their  intended  uses. 

Dry  Weather  Flow  Loads 

The  dry  weather  flow  (DWF)  loads  are  based  primarily 
on  the  estimated  area  population  and  flows  which  are 
developed  and  presented  in  Technical  Data  Vols.  1  and  2. 
In  a  combined  sewer  system  DWF  is  hydraulically  insignifi- 
cant compared  to  the  storm  flow  which  typically  exceeds 
the  DWF  by  50  to  100  times. 

Pipes  sized  to  carry  these  significantly  larger 
storm  flows,  permit  a  considerable  amount  of  solids  to 
settle  out  during  dry  weather  low  flows.  In  addition, 
opportunities  exist  for  large  debris  to  enter  and  be 
deposited  in  such  systems.  During  storm  flows,  such  depo- 
sits then  get  flushed  into  the  receiving  water  through 
overflows.   These  effects  are  shown  in  Table  2-2. 

In  estimating  the  pollution  loads  under  design  storm 
conditions  a  seven  day  dry  weather  flow  period  allowing 
deposition  has  been  assumed  prior  to  initiation  of  the 
storm.   The  seven  day  dry  weather  period  was  judged  to  be 
a  conservative  estimate  of  time  between  storms.   McKee* 
estimated  that  overflows  of  mixed  untreated  sewage  and  storm- 
water  would  occur  five  to  six  times  a  month  on  the  average. 

The  important  measures  of  pollution  contributed  from 
DWF  in  this  case  are  the  pollution  loadings  associated  with 
BOD5,  ss  and  conforms.   Average  values  used  in  the 
model  are  as  follows: 

BOD,-  0.20  pounds  per  capita  per  day 

SS  0.22  pounds  per  capita  per  day 

Coliform  6.2  x  10  most  probable  number 

per  100  milliliters  (MPN/100  ml) 

Daily  and  hourly  factors  were  applied  to  the  average 
DWF  values  as  listed  in  Table  3-1  in  order  to  account  for 
their  variations. 


*McKee,  Loss  of  Sanitary  Sewage  through  Storm  Water 
Overflows,  Journal  BSCE,  April  1947. 
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TABLE  3 

-1.   DAILY  AND  HOURLY  CORRECTION  FACTORS 

FOR  SEWAGE 

DATA (1 J 

Day 

Flow 

BOD 

SS        Coliform 

1 

Sunday 

0.960 

1.000 

1.000      1.000 

2 

Monday 

1.080 

1.000 

1.000      1.000 

3 

Tuesday 

1.050 

1.000 

1.000      1.000 

4 

Wednesday 

0.900 

1.000 

1.000      1.000 

5 

Thursday 

1.040 

1.000 

1.000      1.000 

6 

Friday 

1.000 

1.000 

1.000      1.000 

7 

Saturday 

Hour 

0.970 

1.000 

1.000      1.000 

1 

0.740 

0.850 

1.050     1.100 

2 

0.670 

0.710 

1.050     0.640 

3 

0.630 

0.600 

1.100    0.450 

4 

0.590 

0.410 

0.500    0.870 

5 

0.540 

0.460 

0.660      0.540 

6 

0.560 

0.490 

1.330      0.480 

7 

0.670 

0.720 

1.100    1.290 

8 

0.960 

0.870 

0.880      1.180 

9 

1.420 

0.770 

1.030      1.370 

10 

1.190 

1.570 

0.910      1.490 

11 

1.200 

1.020 

0.660     1.300 

12 

Noon 

1.150 

0.870 

0.630      1.120 

13 

1.170 

0.910 

0.940      0.890 

14 

1.110 

0.940 

0.940      0.580 

15 

1.080 

1.070 

1.050      0.450 

16 

1.150 

1.070 

1.050      0.670 

17 

1.210 

1.140 

1.160      0.960 

18 

1.230 

0.990 

0.940      1.180 

19 

1.250 

1.450 

1.330      0.840 

20 

1.210 

1.160 

1.220      1.010 

21 

1.170 

1.550 

1.440      2.820 

22 

1.150 

1.290 

1.100     1.770 

23 

0.880 

0.990 

0.880      0.840 

24 

1.070 

1.600 

1.050      0.710 

1. 

Storm  Water  Manag 

ement  Model, 

EPA  11024DOC07,  Vol. 

Ill,  prepared  by  Met calf"  &  Eddy,  University  of 
Florida,  and  Water  Resources  Engineers,  Inc., 
July  1971. 
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Surface  Runoff  Quality 

Surface  runoff,  once  considered  as  clean  water,  con- 
tains a  relatively  large  composition  of  contaminants  which 
cannot  be  ignored  in  water  quality  management  (see  Table  2-2). 
According  to  recent  studies*,  the  magnitude  of  the  three 
pollution  components  of  surface  runoff  considered  in  this 
report  are  characterized  as  follows: 

1.  BOD5  content  of  runoff  equals  about  the  strength 
of  domestic  sewage  after  secondary  treatment 
from  the  same  land  use. 

2.  SS  content  of  runoff  is  generally  about  three 
times  that  of  untreated  sewage,  but  consisting 
mostly  of  inorganic  materials. 

3.  Coliform  content  of  runoff  is  about  one  fourth 
to  one  half  the  magnitude  of  untreated  sewage. 
However,  it  is  two  to  five  orders  of  magnitude 
higher  than  is  considered  safe  for  water  contact 
recreation. 

In  the  modeling  of  the  combined  sewer  systems,  allow- 
ances were  made  for  pollution  from  urban  runoff  based  on 
general  data  for  land  use  categories  recommended  in  the  EPA 
Storm  Water  Management  Model  and  on  street  cleaning  practices 
in  Boston. 

Percent  Impervious 

The  percent  impervious  varies  from  a  low  of  20  per- 
cent in  areas  including  parks  to  as  high  as  80  percent  in 
the  downtown  areas.   These  values  are  based  on: 

1.  Inspection  of  available  maps  and  aerial 
photographs . 

2.  Values  used  in  recent  engineering  reports  for 
the  area. 

3.  Knowledge  of  the  area. 

Other  Criteria  Used  in  the  Storm  Water  Management  Model 

The  following  standards  were  followed  when  modeling 
the  Boston  Harbor  combined  sewer  areas: 

*Studies  summarized  in  Urban  Storm  Water  Management  and 
Technology:   An  Assessment,  U.  S.  EPA,  EPA- 670/2-7^- 
0^0,  prepared  by  Metcalf  &  Eddy,  Inc.,  December  1971*. 
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1.  Subcatchment  size:   In  each  drainage  area  sub- 
catchments  were  divided  based  on  the  natural 
overland  flow  patterns  and  access  to  the  sewer 
system.   When  possible  subcatchment  sizes  are 
kept  less  than  30  acres. 

2.  Pipe  size:   All  pipes  24  inches  and  larger  were 
modeled.   In  some  cases  smaller  size  pipes  were 
modeled  in  order  to  more  accurately  define  a 
subcatchment . 

3.  Surcharge  limit:   A  general  review  of  the  sewer 
drawings  indicated  an  average  depth  of  cover  to 
be  about  10  feet*.   All  sewers  were,  therefore, 
allowed  to  surcharge  a  maximum  of  10  feet  at  each 
manhole  before  surface  ponding  was  assumed  to 
occur.   All  areas  were  spot  checked  to  confirm 
the  validity  of  these  surcharge  values  and  in 
some  locations,  such  as  Somerville,  specifically 
selected  surcharge  limits  were  used  on  the  basis 
of  case  by  case  evaluations  before  allowing  sur- 
face ponding. 

4.  Hydraulic  parameters:   The  following  criteria 
were  used  in  the  Storm  Water  Management  Model: 

Surface  retention  storage 

a.  impervious  areas:   1/16  inches  (in.) 

b.  pervious  areas:   1/4  in. 

Small  pipes  storage 

An  allowance  of  1/4  in.  of  storage  over  the 
tributary  area  was  made  to  account  for  storage 
in  pipes  not  modeled. 

Ground  infiltration,  as  used  in  Horton's  Equation** 

a.   maximum  rate:   3.0  inches  per  hour  (in./hr) 


*Drawings  from  the  Metropolitan  District  Commission  as  well 
as  the  Cities  of  Boston,  Somerville  and  Cambridge  were 
reviewed. 
**Storm  Water  Management  Model,  EPA  11024DOC07,  Vol.  I, 
prepared  by  Metcalf  &  Eddy,  University  of  Florida  and 
Water  Resources  Engineers,  July  1971. 
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b:.  minimum  rate:   0.52  in./hr 

c,   exponential  decay  rate:   0.00115  per  second 
(sec  .-1) 

Plow  friction  factors  (n)  as  used  in  Manning1 s 
Equation 

a.  overland   flow 

(1)  impervious   surfaces:      0.013 

(2)  pervious    surfaces:       0.25 

b.  existing   sewers 

(1)  brick:       0.016 

(2)  concrete:      0.016 
Model   Applicability 

During  the  development  of  the  Storm  Water  Management 
Model  (SWMM)  various  urbanized  areas  similar  to  this  area 
were  modeled  for  verification  of  the  SWMM  against  measured 
data. 

In  order  to  demonstrate  the  SWMM  for  its  application 
to  the  Boston  Harbor  combined  sewer  areas  a  selected  area 
where  limited  measurements  exist  was  modeled  under  measured 
conditions.   The  findings  supported  use  of  the  model  in 
this  project  and  are  presented  in  Appendix  C. 

Computer  modeling  results  under  design  storm  condi- 
tions are  presented  in  Appendix  D  and  instructions  for 
computer  modeling  are  presented  in  Appendix  E. 

Overflow  Regulation  Objectives 

At  the  present  time  there  exists  no  clearly  defined 
criteria  nationally  on  co'mbined  sewer  overflow  regulation. 

However,  it  is  expected  that  required  correction  of 
overflow  problems  will  be  defined  in  terms  of  meeting  water 
quality  standards.   Therefore,  the  requirements  for  regula- 
tion of  combined  sewer  overflows  would  vary  from  location 
to  location  depending  on  the  nature  of  the  receiving  water 
and  its  intended  use,  but  would  not  be  subject  to  the 
"minimum  secondary"  criteria. 
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Determination  of  treatment  requirements  for  each 
specific  location  is  considerably  more  complex  in  the  case 
of  combined  sewer  overflows  than  for  normal  dry  weather 
flow  pollution  due  to  the  intermittent,  storm-dependent, 
nature  of  the  discharge.   Mot  only  is  the  discharge  highly 
variable  in  terms  of  flow,  but  also  in  terms  of  pollution 
concentrations.   For  example,  the  initial  overflow 
normally  contains  a  higher  degree  of  pollution  caused  by 
the  flushing  of  deposits  in  the  sewers. 

Also,  the  effects  on  the  receiving  stream  are  more 
complex  in  a  combined  sewer  overflow  regime  due  to  both 
hydrologic  and  water  quality  slug  loads.   No  longer  can 
impacts  on  water  quality  be  assessed  purely  on  an  average 
steady  state  basis,  but  must  consider  time  varying  effects. 
On  the  other  hand,  present  water  quality  criteria  are 
related  to  steady  state  conditions  and  do  allow  for  the 
probability  of  not  meeting  criteria  occasionally.   How 
these  criteria  relate  to  the  stormwater  problem  has  yet  to 
be  decided. 

For  this  study,  the  major  objectives  for  regulation 
of  combined  sewer  overflows  are: 

1.  Elimination  of  disease  producing  organisms, 

2.  removal  of  floating  matter,  and 

3.  reduction  of  solids. 

It  is  expected  that  removal  of  heavy  metals  and 
toxics  will  be  accomplished  through  regulation  of  industrial 
discharges  by  source  control. 

Basis  of  Cost  Estimates 

Estimated  costs  of  facilities  are  based  on  January 
1975  prices  relating  to  an  Engineering  News  -  Record  Con- 
struction Cost  Index  (ENR)  value  of  2200.   An  allowance  of 
2  5  percent  for  engineering  and  contingencies  has  been 
included  in  the  estimated  total  cost. 

Costs  developed  for  each  major  facility  considered 
were  based  on  recent  construction  and  operation  of  such 
facility  and  are  not  based  on  detailed  estimates  of  each 
component. 

Cost  bases  for  major  components  follow: 
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Conduits.   Costs  per  linear  foot  were  based  on 
cost  tables  in  Technical  Data  Vol.  2.   In.  some  cases,  an 
allowance  for  pile  foundations  was  added  to  the  conduit 
cost  to  arrive  at  the  total  cost  shown. 

Tunnels.   Cost  per  linear  foot  of  tunnel  was 
based  on  unit  costs  for  labor,  equipment  and  materials 
depending  upon  the  construction  method  employed  and  the 
soil  or  rock  conditions. 

Tanks.   The  cost  per  cubic  foot  of  usable  tank 
volume  was  primarily  based  on  review  of  the  Cottage  Farm 
Combined  Sewer  Detention  and  Chlorination  Station  itemized 
construction  cost  data  and  adjusted  to  ENR  2200.   In  com- 
parison with  costs  of  such  facilities,  this  was  found  high, 
but  retained  as  the  cost  in  this  case.   Equipment  for 
screening,  chlorination  and  cleaning  was  included  in  this 
procedure. 

Pumping  Stations.   The  cost  of  pumping  stations 
was  based  on  the  pumping  station  cost  curve  presented  in 
Technical  Data  Vol.  2.  For  stations  of  capacity  greater 
than  those  shown  $10,000  per  million  gallons  per  day  was 
used  at  ENR  2200. 

Separation .   The  cost  of  sewer  separation  of 
$35>580  per  acre  was  based  on  the  estimated  regional  cost 
of  separation  for  the  New  England  region  as  reported  in  a 
study  on  urban  stormwater  management*. 

Operation  and  Maintenance.   Operation  and  main- 
tenance costs  for  all  proposed  facilities  were  based  on 
material  and  cost  data  in  the  FY  1975  MDC  budget  adjusted 
to  ENR  2200. 


*Urban  Stormwater  Management  and  Technology:   An  Assess- 
ment, U.  S.  Environmental  Protection  Agency  EPA-670/2- 
JT^OhO,    prepared  by  Metcalf  &  Eddy,  Inc.,  December  197^ 
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CHAPTER  4 
REMEDIAL  OPTIONS 


General 


This  chapter  reviews  past  options  on  combined  sewer 
overflow  regulation  and  expands  on  additional  remedial 
opportunities. 


Early  Studies 


As  presented  in  Chapter  1,  Massachusetts  House  Docu- 
ment No.  1600  of  1936  evaluated  pollution  problems  in  Boston 
Harbor  and  its  tributary  streams.   This  study  inventoried  in 
detail  pollution  problems  and  sewerage  systems  in  the 
Boston  Harbor  area  identifying  217  external  overflow  loca- 
tions, 165  internal  overflow  locations  to  relief  conduits, 
and  154  regulators.   Major  factors  relating  to  pollution 
conditions  were  identified  as: 

Bacterial  pollution, 

floating  solids, 

slick,  and 

sludge  deposits. 

Dissolved  oxygen  content  in  the  waters  was  not  found  to  be 
a  nuisance  anywhere.   However,  the  oxygen  content  in  the 
Fort  Point  Channel  was  found  to  be  lowest  of  the  readings 
taken. 

As  a  result  of  this  study,  a  comprehensive  engineer- 
ing study*  on  sewerage  and  sewage  disposal  also  involving 
combined  sewer  overflows  in  the  entire  Boston  Harbor 
metropolitan  area  was  conducted.   This  was  reported  on  as 
part  of  Massachusetts  House  Document  No.  2465  of  1939. 
Following  these  engineering  studies,  preliminary  designs** 
were  prepared  for  selected  projects. 


*Report  to  The  Special  Commission  Established  by  the 
Legislature  in  193&  Upon  Sewerage  and  Sewage  Disposal 
in  Metropolitan  Boston,  Greeley  &  Hansen  and  Metcalf  & 
Eddy,  Engineers,  March  1939  (Published  as  part  of  House 
Document  No.  2465  of  1939). 
**The  Commonwealth  of  Massachusetts  Metropolitan  District 
Commission,  Sewerage  and  Sewage  Disposal  Studies  Under 
Chapter  512,  1939,  General  Design  Drawings  and  Final 
Report,  Metcalf  &  Eddy  and  Greeley  &  Hansen,  January 
1941. 
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Relative  to  combined  sewer  overflows,  remedial 
alternatives  were  investigated.   Treatment  of  overflows 
were  considered  as  impractical.   Separation  of  combined 
sewers  were  found  too  expensive.   The  recommended  plan  was 
to  construct  storm  overflow  conduits.   The  most  critical 
problems  resulting  from  combined  sewer  overflows  were 
found  to  be  in  the  Charles  and  Mystic  river  basins  and  in 
the  Fort  Point  Channel  area  of  the  Harbor. 

Along  with  storm  overflow  conduits,  the  report 
recommended  fine  screening  and  chlorination  at  selected 
overflow  discharge  points,  namely,  at  the  East  Boston 
Electric  Pumping  Station,  at  Back  Bay  Fens  gate  houses  and 
at  the  Charles  River  Dam.   In  addition,  it  was  recommended 
that  provision  be  made  for  circulation  of  Charles  River 
Basin  water  into  the  Back  Bay  Fens  area  and  the  Broad  and 
Lechmere  canals. 

Two  of  these  projects  have  been  recently  restudied 
and  modified  to  accommodate  existing  conditions.   For 
example,  the  recommended  fine  screening  and  chlorination 
of  combined  sewer  overflows  at  the  Charles  River  Dam  have 
been  updated  to  include  storage  and  detention  in  the  Charles 
River  Chlorination-Detention-Pumping  Station  and  is  being 
constructed  in  conjunction  with  the  New  Charles  River  Dam. 

Abatement  of  stormwater  pollution  in  the  Back  Bay 
Fens  has  also  been  restudied  for  the  Division  of  Water 
Pollution  Control  resulting  in  similar  recommendations. 
Recommendations  to  remove  accumulated  sludge  and  provisions 
for  aerating  the  Fens  are  underway.   Long  term  solutions 
for  recirculating  Charles  River  flows  and  diverting  Muddy 
River  flows  through  the  Fens  and  regulating  overflows  at 
the  Back  Bay  Fens  Gate  House  are  under  consideration. 

The  screening  and  chlorination  at  the  East  Boston 
Electric  Pumping  Station  to  abate  stormwater  pollution  and 
circulation  of  Charles  River  water  into  Broad  and  Lechmere 
canals  have  not  been  implemented. 

Existing  Facilities 

Facilities  presently  available  to  provide  additional 
capacity  during  wet  weather  flows  are: 

1.   The  East  Boston  pumping  stations  and  the  North 
Metropolitan  Trunk  Sewer  providing  about  120 
million  gallons  per  day  (mgd)  capacity  to 
divert  flows  from  upstream  areas  to  Chelsea 
Creek  or  to  Deer  Island  (See  Technical  Data 
Vol.  9). 
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2.  The  City  of  Boston  Calf  Pasture  Pumping  Station 
and  Moon  Island  discharge  facilities  providing 
about  155  mgd*  design  capacity  to  divert  wet 
weather  flows  to  the  Boston  Harbor  before 
overflows  occur  in  the  immediate  shoreline 
areas . 

3.  The  Cottage  Farm  Combined  Sewer  and  Chlorination 
Station  designed  to  treat  a  maximum  rate  of 

233  mgd  prior  to  overflowing  into  the  Charles 
River  Basin. 

4.  The  Somerville  Pretreatment  Facilities  designed 
to  treat  about  160  mgd  prior  to  overflowing  to 
the  Mystic  River  tidal  waters. 

The  first  two  are  actually  old  facilities  retained 
as  standby  facilities  intended  for  emergency  use.   The 
remaining  two  have  recently  been  put  into  operation  for 
purposes  of  combined  sewer  overflow  pollution  abatement 
and  are  described  further  as  follows.   In  addition,  a 
combined  sewer  overflow  treatment  facility  is  presently 
under  construction  on  the  Cambridge  side  of  the  Charles 
River,  and,  for  the  purposes  of  this  study,  is  considered 
as  existing  a,nd  is  described  under  this  section. 

Cottage  Farm  Combined  Sewer  Detention  and  Chlorina- 
tion Station.   This  station  was  placed  in  operation  in 
1971  and  is  typical  of  the  design  for  the  Charles  River 
Marginal  Conduit  Chlorination-Detention-Pumping  Station 
under  construction  in  Cambridge.   The  Cottage  Farm  facility 
is  designed  to  treat  flows  up  to  233  mgd  from  the  North 
and  South  Charles  Relief  Sewers  and  the  Charles  River 
Valley  Sewer.   Flows  in  excess  of  the  Relief  Sewer  capaci- 
ties discharge  at  existing  overflow  locations.   Overflows 
to  the  station  are  pumped  into  the  facility  and  receive 
treatment  by  screening,  skimming,  chlorination  and 
sedimentation  before  being  discharged  to  the  Charles 
River.   Overflows  retained  in  the  tanks  after  each  storm 
are  returned  to  the  interceptor  system  for  transport  to 
Deer  Island  Treatment  Plant.   An  advantage  of  the  Cottage 
Farm  facility  is  that  even  during  dry  weather  flows  if 
there  is  a  malfunction  at  the  main  pumping  facilities  flow 
can  be  diverted  through  the  chlorination-detention  tanks 
before  overflowing  into  the  Charles  River  Basin. 

*The  Special  Commission  Established  by  the  Legislature  in 
193b  upon  Sewerage  and  Sewage  Disposal  in  Metropolitan 
Boston,  prepared  by  Greeley  and  Hansen  and  Metcalf  & 
Eddy,  1939. 
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Somerville  Pretreatment  Facilities.   Consisting  of 
the  Somerville  Marginal  Conduit  and  Chlorination  Station, 
this  station  is  designed  to  treat  overflows  to  the  Mystic 
River  from  Somerville  and  is  equipped  with  screening  and 
chlorination  facilities.   The  chlorine  contact  time  is 
achieved  in  the  conduit  which  diverts  these  flows  to  the 
Mystic  River  below  the  location  of  the  Amelia  Earhart  Dam. 

Charles  River  Chlorination-Detention-Pumping 
Station.   The  Charles  River  Project,  presently  under  con- 
struction near  the  new  Charles  River  Dam,  is  designed  to 
abate  pollution  from  combined  sewer  overflows  into  the 
Charles  River  Basin  and  from  the  Cambridge  and  Boston 
marginal  conduits,  the  Millers  River  Overflow  from  Cambridge 
and  Charlestown  and  the  Lowell  Street  Overflow  from 
Boston.   Flows  up  to  323  mgd  will  receive  treatment 
consisting  of  screening,  chlorination,  settling  and  skimming 
for  purposes  of  removing  solids  and  destructing  bacteria. 
Discharges  will  be  to  the  Boston  Inner  Harbor  below  the 
new  Charles  River  Dam,  also  under  construction. 

Combined  Sewer  Separation  Projects 

Certain  areas  served  by  combined  sewers  have  been  or 
are  undergoing  sewer  separation. 

Boston  has  separated  sewers  in  its  urban  renewal 
areas .   As  part  of  urban  renewal  Charlestown  is  undergoing 
separation. 

The  Town  of  Brookline  has  carried  out  separation  in 
certain  areas. 

The  City  of  Cambridge  reportedly  is  undergoing 
separation  in  parts  of  the  City  not  tributary  to  the  com- 
bined sewer  regulation  facilities  there. 

Recent  Studies 

Considerable  attention  to  combined  sewer  overflow 
abatement  has  been  given  both  nationally  and  locally. 
Recent  studies  in  the  Boston  ?Iarbor  metropolitan  area  on 
combined  sewer  overflows  regulation  are  summarized  as 
follows . 
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The  Deep  Tunnel  Plan*.   This  concept,  developed 
for  the  .City  of  Boston,  proposes  to  collect  all  the  combined 
sewer  overflows,  both  in  Boston  and  the  surrounding  cities 
and  towns  of  Cambridge,  Somerville,  Chelsea  and  Brookline, 
and  transport  them  via  transmission  tunnels  into  a  17.3  mile 
system  of  deep  rock  tunnels.   The  system,  sized  to  handle 
flows  up  to  a  15-year  storm,  would  intercept  overflows  via 
a  system  of  transmission  tunnels  and  a  storage  tunnel  and 
route  all  flow  to  a  pumping  station  at  Deer  Island  where 
the  flow  would  be  screened,  chlorinated,  and  pumped  to  an 
outfall  conduit.   The  outfall  conduit  would  discharge 
through  diffusers  to  the  ocean  approximately  9  miles  sea- 
ward from  Deer  Island  and  beyond  the  Graves. 

The  Old  Harbor  Area  Pollution  Control  Plan**.   This 
proposal  developed  for  the  City  of  Boston  is  designed  to 
reduce  overflows  to  the  Carson,  M  Street,  L  Street  and  City 
Point  beaches  by  diverting  combined  sewer  flows  through  a 
series  of  gravity  collection  conduits  and  force  mains  to 
the  Reserved  Channel.   Prior  to  discharge  the  overflow  would 
pass  through  a  chlorination-detention  facility. 

The  Tenean  and  Malibu  Beach  Water  Quality  Improve- 
ment Plan***.   This  proposal  for  the  Massachusetts  Division 
of  Water  Pollution  Control  is  for  a  marginal  conduit  which 
would  divert  overflows  away  from  the  Tenean  and  Malibu 
beach  areas  to  the  Columbus  Park  area  where  it  would  be 
connected  to  either  the  proposed  Old  Harbor  Pollution 
Control  Project  facilities  or  the  proposed  Deep  Tunnel 
System  and  would  depend  upon  the  completion  of  either  of 
these  projects. 


*Report  on  Improvements  to  the  Boston  Main  Drainage 
System  for  the  City  of  Boston,  by  Camp,  Dresser  & 
McKee,  September  1967. 
**Water  Quality  Improvement  of  Tenean  and  Malibu  Beaches, 
Appendix  H,  "Proposed  Harbor  Pollution  Control  Program 
for  the  Old  Harbor  Area",  letter  report  to  City  of  Boston, 
by  Camp,  Dresser  &  McKee,  May  1972. 
* **Water  Quality  Improvement  of  Tenean  and  Malibu  Beaches, 
Commonwealth  of  Massachusetts,  Division  of  Water  Pollu- 
tion  Control,  by  Camp,  Dresser  &  McKee,  Inc.,  November 
1972. 
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Water  Quality  Improvement  Plan  for  the  Boston  Back 
Bay  Fens^   A  two  phase  program  for  improving  the  water 
quality  in  the  Back  Bay  Fens  was  developed  for  the  Massa- 
chusetts Division  of  Water  Pollution  Control  in  1973.   The 
initial  phase,  which  began  in  November  1973,  recommended 
rehabilitation  of  existing  facilities  to  reduce  overflows 
to  Back  Bay  Fens,  dredging  of  sludge  from  the  Fens, 
provision  for  aerating  the  Fens,  and  diversion  of  the 
main  flow  from  Muddy  River  through  the  Fens  to  improve 
circulation. 

The  future  program  recommendations  were  made  con- 
tingent on  the  implementation  and  effect  of  current  plans 
and  phase  one  projects  in  the  area.   Phase  two  recommenda- 
tions include:   Provision  of  facilities  for  pumping  over- 
flows from  the  MDC  Fens  Gate  House  to  the  Cottage  Farm 
Combined  Sewer  Detention  and  Chlorination  Station,  addi- 
tional improvements  for  flow  routing,  additional  dredging 
of  the  Fens,  provision  of  facilities  for  chlorination  in 
the  Stony  Brook  Conduit,  provision  of  an  overflow  deten- 
tion and  chlorination  station  at  Boston  Gate  House  No.  1, 
and  provision  of  facilities  for  circulation  of  Charles 
River  Basin  water  through  Back  Bay  Fens. 

Pollution  Control  Alternatives  for  Dorchester  Bay**, 
A  series  of  actions  have  been  recommended  to  the  Metro- 
politan District  Commission  for  pollution  control  in  the 
Dorchester  Bay.   These  include:   removal  of  sediment  from 
the  Dorchester  Interceptor,  completion  of  a  series  of 
remedial  repairs  and  modifications  to  specified  tide  gates 
and  regulators,  implementation  of  a  flushing  system  to 
prevent  accumulation  of  solids  in  pipes  determined  to  have 
a  moderate  to  heavy  tendency  to  have  deposition,  and  diver- 
sion of  a  portion  of  the  present  overflows  to  another 
location.   These  actions  would  be  taken  in  those  parts  of 
the  sewer  system  belonging  to  the  City  of  Boston.   It  was 
also  recommended  that  water  quality  monitoring  of  the 
Dorchester  Bay  be  implemented  to  insure  an  updated  data 
base  upon  which  revisions  and/or  additions  to  the  original 
program  could  be  based.   Finally,  along  with  the  above 
recommendations,  the  continued  operation  of  the  Calf 
Pasture  Pumping  Station  and  the  Moon  Island  Holding 
facility  should  be  evaluated. 


*Report  on  the  Water  Quality  Improvement  of  the  Boston 
Back  Bay  Fens,  for  the  Commonwealth  of  Massachusetts 
Division  of  Water  Pollution  Control,  by  C.  E.  Maguire, 
Inc. ,  May  1973. 
**A  Study  of  Pollution  Control  Alternatives  for  Dorchester 
Bay,  Commonwealth  of  Massachusetts  Metropolitan  District 
Commission,  by  Process  Research,  Inc.,  December  1974. 
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Since  the  recommendations  are  made  on  the  premise 
of  achieving  water  quality  under  average  conditions  rather 
than  during  wet  weather  periods  when  combined  sewer  over- 
flows occur,  the  study  is  not  specifically  a  plan  for  com- 
bined sewer  overflow  regulation. 

Overflow  Regulation  Opportunities 

Regulation  of  overflows  can  be  through  reduction  in 
flow  and/or  pollution  loads.   Both  of  these  goals  can  be 
achieved  at  the  source,  in  the  transport  system,  at  the 
discharge  point,  or  by  any  combination  of  these. 

Source  controls  generally  would  constitute  industrial 
pretreatment  for  the  exclusion  of  toxic  wastes,  good  house- 
keeping such  as  neighborhood  sanitation  via  effective 
street  and  catchbasin  cleaning,  erosion  control  and  control 
in  the  use  of  de-icing  compounds  and  pesticides.   Flow 
attenuation  through  land  use  management  and  provision  of 
runoff  retention  on  roofs,  pavements  and  in  open  areas, 
although  not  generally  applicable  in  densely  developed 
urban  area,  are  also  means  of  source  control. 

Transport  system  controls  include  sewer  separation, 
in-sewer  storage  through  maximum  use  of  facilities,  control 
of  in-system  deposited  materials  through  improved  regulator 
designs  and  operation,  and  through  sewer  flushing. 

Discharge  controls  are  diversion  of  outfalls, 
storage  and  overflow  treatment. 

As  mentioned  in  Chapter  3,  it  is  expected  that 
industrial  pretreatment  will  be  required  to  remove  heavy 
metals  and  toxics. 

Good  housekeeping  measures  should  be  carried  out  in 
any  event  and  are  not  considered  as  alternatives.   In  the 
combined  sewer  area  of  Metropolitan  Boston,  other  source 
controls  such  as  land  use  management  or  runoff  retention 
are  not  considered  feasible. 

Regulation  alternatives  considered  applicable  here 
are  sewer  separation,  storage,  treatment,  outfall  diver- 
sion or  a  combination  of  these. 

Sewer  Separation.   In  the  past  sewer  separation 
was  considered  as  the  ultimate  answer  to  overflow  problems. 
However,  more  recently  it  has  been  considered  as  a  poor 


4-7 


alternative  in  many  cases.   Not  only  is  it  expensive,  it 
could  cost  up  to  $1.7  billion*  to  completely  separate  sewers 
in  this  metropolitan  area,  but  it  is  physically  not  feasible 
in  many  cases  such  as  downtown  Boston.   In  addition,  as 
shown  in  Table  2-2,  the  pollution  content  of  stormwater 
itself  makes  the  quality  improvements  achieved  by  separation 
not  comparable  to  the  investment  necessary  to  accomplish 
separation. 

To  overcome  some  of  the  physical  constraints  and 
reduce  costs,  partial  separation  is  carried  out  in  selected 
cases.   This  involves  separating  the  street  runoff  from 
the  combined  sewer  system  but  leaving  the  roof  runoff, 
cellar  drainage  and  other  building  sources  to  drain  to  the 
combined  system.   Although  this  is  considerably  less 
expensive,  about  $525  million*  for  the  Metropolitan  Boston 
area  and  the  runoff  component  is  separated  from  the 
combined  system,  roof  runoff  is  left  in  thereby  failing  to 
provide  marked  improvements  to  water  quality. 

Therefore,  separation  must  be  evaluated  from  a  water 
quality  point  of  view  prior  to  its  arbitrary  selection. 
There  are,  however,  cases  where  separation  Is  the  best 
solution,  such  as  remote  nondowntown  areas  where  the 
physical  inconvenience  is  not  great,  where  housekeeping 
measures  are  likely  to  be  carried  out  effectively  and  where 
consolidation  of  overflows  is  costly. 

Retention  or  Storage.   Complete  storage  of  runoff 
is  not  feasible  in  the  Metropolitan  Boston  area  due  to  the 
large  volumes  of  water  involved.   However,  at  the  minimum, 
some  amount  of  storage  is  required  in  any  event  to  provide 
flow  equalization  for  other  remedial  actions.   In  those 
cases  involving  treatment,  flow  equalization  is  necessary 
due  to  the  extreme  variability  of  combined  sewer  overflows 
and  the  inability  for  treatment  processes  to  react  to  such 
variable  loads. 

Treatment.   At  the  present  time,  the  technology 
associated  with  treatment  of  stormwater  and  combined  sewer 
overflows  is  in  a  dynamic  state  and  selection  of  solution 
strategies  must  account  for  this  factor.   Recognizing  both 
the  importance  of  combined  sewer  overflow  regulation  and 


*Cost  figures  developed  By  Met calf  &  Eddy  and  adjusted  to 
reflect  estimated  costs  for  January  1975  at  ENR  2200. 
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the  technological  problems  associated  with  developing 
solutions,  over  $90  million  has  been  awarded  over  the 
recent  years  for  research,  development  and  demonstration 
of  related  technologies.* 

Selection  of  the  extent  of  treatment  is  very  impor- 
tant because,  due  to  large  flows  from  stormwater,  costs  can 
become  prohibitive  considering  the  relatively  few  times 
such  treatment  would  be  required.   A  nationwide  assessment** 
of  costs  related  to  treating  combined  sewage  overflows  is 
shown  as  follows  to  demonstrate  this. 

Operation  and  maintenance 
Treatment  option   Capital  cost*   cost** 

Disinfection  4.13  46.3 

Primary  treatment      54  298 

Secondary  treatment     68  323 

*In  billions  'of  June  1973  dollars. 
**In  millions  of  June  1973  dollars  per  year. 

Diversion.   Diversion  of  combined  sewage  overflows 
may  in  some  cases  be  appropriate  due  to  the  nature  of  the 
receiving  waters.   Such  diversions  must,  however,  comply 
with  nondegradation  requirements  and,  therefore,  are  not 
expected  to  be  remedial  options  by  themselves. 

Selected  Regulation  Process 

The  regulation  processes  finally  selected  may  differ 
at  each  location  on  the  basis  of  local  system  nature  and 
capacity,  space  availability,  water  quality  conditions  and 
designated  water  uses.   Figure  4-1  shows  for  the  combined 
sewer  areas  addressed  by  this  study  a  breakdown  of  different 
areas  of  concern. 

Regulation  processes  in  areas  tributary  to  Dorchester 
Bay  and  Constitution  Beach  must  address  specific  health 


*Urban  Stormwat er  Management  and  Technology:   An  Assess- 
ment, EPA-6~70~72~-74-040,  U.  S.  Environmental  Protection 
Agency  by  Metcalf  &  Eddy,  Inc.,  December  1974. 
* *Draft  Report  to  National  Commission  on  Water  Quality  on 
Assessment  of  Technologies  and  Costs  for  Publicly  Owned 
Treatment  Works  Under  Public  Law  92-500,  Addendum,  by 
Metcalf  &  Eddy,  Inc.,  April  1975. 
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FIG.  4-1  COMBINED  SEWER  AREA  SEPARATED  BY  RECEIVING  WATERS 


aspects  and  aesthetics  in  order  to  insure  that  constraints 
to  their  use  as  beach  areas  are  removed. 

In  handling  of  overflows  in  the  Chelsea,  Mystic  and 
Neponset  River  Estuary  areas  problems  of  residence  time 
must  be  evaluated  as  well  as  health  impacts  on  potential 
shellfish  areas  along  with  aesthetic  impacts. 

The  Boston  Inner  Harbor  area  is  primarily  a  commer- 
cial shipping  and  recreational  boating  area  with  aesthetics 
as  the  prime  impact.   However,  movement  of  overflowing 
wastes  from  these  areas  with  a  potential  of  affecting  beaches 
and  shellfish  areas  must  be  evaluated  and  such  effects  must 
be  constrained. 

Combined  sewer  overflows  into  the  Charles  River 
Basin,  including  the  Back  Bay  Fens,  are  yet  another  problem. 
The  Charles  River  Basin  must  be  considered  as  a  storage 
reservoir  where  residence  time  is  long  in  comparison  to 
the  other  receiving  waters.   Such  an  effect  must  be  included 
in  the  remedial  actions  for  that  area. 

Inflows  into  the  Back  Bay  Fens  are  primarily  from 
urban  runoff  and  diversion  of  this  runoff  to  other  loca- 
tions may  reduce  flows  in  the  Fens  to  the  point  of  causing 
detrimental  effects.   It  is  recommended  that  the  Fens  serve 
in  the  future  as  a  research  and  testing  ground  for  new 
treatment  facilities  which  could  be  used  as  a  means  of  add- 
ing treated  flows  to  the  Fens  to  improve  circulation  and 
water  quality. 

For  the  purposes  of  this  study,  a  uniform  treatment 
process  has  been  selected  to  provide  a  basis  for  cost 
estimates  and  for  identification  of  resulting  pollution 
discharges.   The  process  addresses  the  primary  pollutants 
of  concern  stated  in  Chapter  3  under  Overflow  Regulation 
Objectives  and  is  as  follows: 

1.  Chlorination  with  15  minutes  detention  under 
design  storm  conditions  (also  providing  for 
removal  of  solids  and  other  pollutants  through 
capture  or  sedimentation). 

2.  Screening  for  removal  of  large  solids. 

3.  Skimming  for  removal  of  floatables. 
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CHAPTER  5 
IDENTIFICATION  OF  ALTERNATIVES 


General 


As  discussed  in  Chapter  4,  in  addition  to  sewer 
separation  and  recommendations  on  housekeeping  type  improve- 
ments, there  have  been  recently  two  general  approaches  to 
combined  sewer  overflow  regulation  in  the  Boston  Harbor 
area. 

1.  Consolidation  of  overflows  at  partial  treatment 
facilities  to  limit  pollution  in  immediate  need 
areas. 

2.  Large  scale  collection  and  diversion  of  over- 
flows for  deep  ocean  discharge,  thereby  eliminat- 
ing pollution  from  the  combined  sewer  overflows. 

The  Cottage  Farm  Combined  Sewer  Detention  and  Chlo- 
rination  Station  is  an  example  of  the  first  approach,  and 
the  Deep  Tunnel  Plan,  as  proposed  to  the  City  of  Boston, 
represents  the  second  approach. 

The  first  approach  is  a  decentralized  handling  of 
combined  sewer  overflows  which  permits  staged  implementa- 
tion in  accordance  with  criteria  and  needs  of  each  immediate 
area  and  provides  flexibility  for  inclusion  of  future  tech- 
nologies in  treatment  beyond  that;  presently  provided. 

On  the  basis  of  38  months  of  operation  of  the  Cottage 
Farm  Detention  and  Chlorination  Station,  MDC  reports  average 
pollution  constituent  removals  shown  in  Table  5-1. 


TABLE  5-1.   COTTAGE  FARM  DETENTION  AND  CHLORINATION 

STATION  PERFORMANCE^1' 

Overall  removal    Removal  from  flow 
(incl.  contained   which  discharged 
flows),  to  the  Charles 

Parameter (percent)  River,  (percent) 

Biochemical  oxygen  demand  42  24 

Suspended  solids  45  22 
Volatile  suspended 

solids  58  37 

Settleable  solids  69  58 

Total  coliform  organisms  99  99 

T~.      Source:   Cottage  Farm  Combined  Sewer  Detention  and 

Chlorination  Station,  Cambridge,  Massachusetts 
for  U.  S.  Environmental  Agency,  by  Commonwealth 
of  Massachusetts  Metropolitan  District  Commis- 
sion 1975,  (Draft). 
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Since  such  facilities  are  located  in  highly  com- 
petitive land  use  areas,  their  design  should  incorporate 
multiple  use  of  the  land.   Examples  of  such  multiple  uses 
exist  including  parking  garages,  recreation  areas  and  bus 
stops. 

The  second  approach  is  the  other  extreme  of  complete 
centralization  and  requires  an  early  commitment  to  the 
entire  plan.   It,  however,  is  intended  to  remove  all  storm- 
water  and  pollution  that  reaches  sewers  from  discharging 
into  the  immediate  Boston  Harbor  waters  and  diversion  to 
Massachusetts  Bay  following  screening  and  chlorination. 
It  must  be  noted,  however,  that  although  the  findings  in 
the  report*  are  that  prevailing  winds  may  be  expected  to 
carry  materials  that  float  to  the  surface  out  to  sea,  it 
would  be  extremely  important  that  floating  matter  be  removed 
prior  to  discharge.   As  a  result  of  studies**  for  possible 
extension  of  outfalls  to  deep  waters  beyond  the  Graves 
as  opposed  to  providing  treatment,  floats  and  chips  were 
released  from  near  the  Graves  in  order  to  observe  the 
possible  travel  of  floating  wastes  discharged  at  that 
location. 

Under  certain  conditions  floats  reached  Deer  Island 
and  Green  Island.   Chips  released  near  the  Graves  were 
retrieved  at  Winthrop,  Houghs  Neck,  Hull,  Lynn,  and  islands 
within  the  Boston  Harbor  and  as  far  as  Swampscott  and  Cape 
Cod.   Findings  at  that  time  were  that  unless  sewage  dis- 
charged at  that  location  were  treated  for  the  removal  of 
grease  and  other  floating  matters,  such  matters  probably 
would  reach  the  neighboring  shores. 

Various  alternatives  between  the  previously  two 
stated  approaches  were  investigated  and  are  presented  in 
the  following  sections. 

Those  overflows  tributary  to  the  Charles  River 
Chlorination-Detention-Pumping  Station  (overflows  40,  44, 
25,  46,  48,  15,  52,  36  and  66)  are  considered  regulated  in 
the  following  presentation  of  alternatives. 

*Report  on  Improvements  to  the  Boston  Main  Drainage 
System  for  the  City  of  Boston,  by  Camp,  Dresser  & 
McKee,  September  1967. 
**Report  of  the  Special  Commission  on  the  Investigation 
of  the  Discharge  of  Sewage  Into  Boston  Harbor  and  Its 
Tributaries,  Massachusetts  House  Document  No.  1600, 
December  19  36. 
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Alternative  1:   Decentralized  Overflow  Regulation 

Alternative  1  proposes  to  consolidate  44  combined 
sewer  outfalls  into  10  groups.   Each  group  of  outfalls  would 
be  connected  by  conduits  which  would  transport  overflows  to 
a  regulation  facility  for  treatment  and  discharge  to  the 
receiving  waters.   Figure  5-1  shows  the  schematic  site 
locations  for  the  proposed  facilities.   All  of  these  would 
be  subjected  to  detailed  investigations  prior  to  final 
design. 

Each  of  the  regulation  systems  would  have  the  follow- 
ing major  components: 

1.  Collection  conduits, 

2.  tank, 

3.  pumping   facilities,    and 

4.  outfall. 

Collection  Conduits.   The  collection  conduits 
would  be  sized  to  divert  design  flows  to  the  tanks.-  The 
locations  shown  in  Figure  5-1  are  only  schematic  and  would 
be  subject  to  a  detailed  investigation  in  coordination  with 
the  site  selection.   The  method  of  construction  to  be  used 
would  also  be  determined  during  final  engineering  and 
design.   For  purposes  of  preliminary  cost  estimates,  pipes 
and  conduits  were  sized  to  carry  peak  overflows  generated 
by  the  Storm  Water  Management  Model.   In  cases  where  large 
pipes  were  needed  through  densely  developed  areas  costs 
were  developed  for  tunneling  as  well  as  for  open  cut  con- 
struction and  the  lower  of  the  two  costs  was  used. 

Tanks.   The  tanks  would  receive  overflow  from  the 
collection  conduits.   Each  tank  would  be  divided  into  two 
bays  for  flexibility  of  operation.   Flow  would  be  delivered 
first  to  one  bay  in  each  of  the  tanks.   As  this  bay  is 
filled,  a  floating  scum  and  oil  baffle  would  rise  with  the 
liquid  surface  to  maximize  capture  of  such  materials. 
Depending  on  the  magnitude  of  a  storm  event,  flow  would  then 
pass  into  a  transfer  channel  for  distribution  to  the  second 
bay,  or  additional  flow  could  be  bypassed  to  the  second  bay 
permitting  retention  of  the  first  flush  in  bay  one.   When 
the  entire  basin  is  filled,  overflows  would  pass  to  the 
receiving  stream.   Using  the  design  storm  flow  data,  the 
basin  cross-section  and  configuration  would  be  designed  to 
optimize  velocity  and  settling  conditions  within  the  avail- 
able volume  of  storage.   Screens  would  be  installed  between 
an  effluent  scum  baffle  and  the  overflow  weirs  to  polish 
the  overflow  before  discharge  to  the  river. 
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FIG.  5  1  SATELLITE  REGULATION  FACILITIES  AND  COLLECTION  SYSTEMS 

IN  ALTERNATIVE  1 


The  flow  would  be  disinfected  by  the  introduction  of 
chlorine  upstream  from  the  tanks.   The  tanks  would  be 
designed  to  provide  15  minutes  detention  for  the  peak  design 
flow. 

Pump  Station.   Each  regulation  facility  would  have 
pumps  capable  of  pumping  the  peak  design  flow.   The  loca- 
tion of  the  pumps  and  their  capacities  (before  or  after 
the  tanks)  would  be  subject  to  detailed  investigation. 

The.  overflow  captured  in  the  detention  tanks  and 
the  solids  and  floatables  retained  would  be  dewatered  into 
the  interceptor  system  for  eventual  treatment  at  Deer  Island 
Treatment  Plant.   Dewatering  would  be  accomplished  either 
by  gravity  or  by  pumping.   Either  system  would  be  controlled 
by  the  available  capacity  in  the  receiving  interceptor. 

Outfall.   The  outfalls  from  the  10  regulation 
facilities  as  proposed  have  been  located  in  the  vicinity  of 
the  tanks.   However,  a  detailed  analysis  of  the  receiving 
waters  would  determine  if  alternative  outfall  locations 
should  be  selected. 

Table  5-1  lists  the  10  proposed  regulation  facili- 
ties and  individual  outfalls. 

Following  is  a  brief  description  of  each  of  the 
regulation  facilities  and  their  location  under  Alternative  1. 

No .  1  -  Brighton 

Facility  No.  1  would  be  located  along  the  Charles  River 
between  the  North  Beacon  Street  Bridge  and  the 
Arsenal  Street  Bridge  and  would  treat  overflows  10 
and  12. 

No .  2  -  Brookline 

Facility  No.  2  would  be  located  along  the  Charles  River 
in  the  vicinity  of  the  B.U.  Bridge  and  treat  over- 
flows 13  and  17.   There  is  little  available  land  in 
this  area  and,  therefore,  the  facility  may  have  to  be 
located  on  the  Cambridge  side  of  the  River.   Outfall 
13  drains  parts  of  Brookline  which  are  under  con- 
sideration to  be  separated.   Therefore,  this  develop- 
ment will  have  to  be  considered  in  the  final  design. 
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No .  3  -  Back  Bay  Fens 

Facility  No.  3  would  be  located  In  Back  Bay  Fens  at  the 
outfall  of  Stony  Brook  Conduit  at  Boston  Gate 
Houses  No.  1  and  2.   In  order  to  obtain  a  15  minute 
contact  time  for  disinfection  of  the  large  peak  flows 
the  chlorination  facilities  would  be  placed  within 
the  Stony  Brook  Conduit  upstream  of  the  detention 
tanks.   This  approach  is  proposed  for  the  Back  Bay 
Fens  in  a  study  outlined  in  Chapter  4.* 

No.  4  -  Chelsea 

Facility  No.  4  would  be  located  near  Outfall  31  and 
treat  Outfalls  31,  63  and  21.   The  discharge  would 
be  located  in  Island  End  River  with  subsequent  dis- 
charge to  the  Mystic  River.   An  evaluation  of  the 
flow  in  Island  End  River  may  be  necessary  to  insure 
that  there  would  be  sufficient  flushing  action  to 
transport  the  overflow  to  the  Mystic  River.   Other- 
wise, it  would  be  located  on  the  Mystic  River. 

No.  5  and  No.  6  -  East  Boston 

There  would  be  two  facilities  located  in  East  Boston. 
One  (north)  located  at  the  confluence  of  the  Chelsea 
and  Mystic  Rivers  treating  overflows  34,  32,  3,  2, 
4,  6  and  8.   The  second  facility  (south)  would  be 
located  at  the  edge  of  Logan  International  Airport 
and  treat  overflows  18,  20,  22,  24  and  26.   Treated 
effluent  from  both  facilities  would  discharge  to  the 
Inner  Harbor. 

No.  7  -  Fort  Point  Channel 

Facility  No.  7  would  be  located  in  the  vicinity  of  the 
outfall  of  Dorchester  Brook  Conduit  and  treat  the 
overflows  57,  45,  43,  19,  9  and  27  from  the  East 
Side  Interceptor  and  Dorchester  Brook  overflow  33. 
Final  design  of  this  facility  must  consider  the  effects 
of  planned  urban  renewal  projects  namely,  Govern- 
ment Center,  Waterfront,  South  Cove  and  South  End  on 
the  combined  sewer  system. 


*Report  on  the  Water  Quality  Improvement  of  the  Boston 
Back  Bay  Fens,  for  the  Commonwealth  of  Massachusetts 
Division  of  Water  Pollution  Control,  by  C.  E.  Maguire, 
Inc. ,  May  1973. 
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No.  8  -  South  Bostor 

Facility  No.  8  would  be  located  in  the  vicinity  of 
Outfall  37  and  discharge  intc  the  Reserved  Channel. 
This  facility  would  treat  overflows  28,  35,  97,  38,  30, 
4l  and  14  presently  discharging  to  Old  Harbor  and 
the  overflows  76,  58,  42  and  37  to  the  Reserved 
Channel.   Detailed  investigation  is  needed  to  deter- 
mine if  overflows  76,  58  and  42  need  to  be  pumped 
to  the  tank. 

No.  9  -  Dorchester  Beaches 

Facility  No.  9  would  be  located  in  the  vicinity  of  Out- 
fall 49  and  treat  overflows  67,  50  and  49.   The 
discharge  location  should  be  outside  the  Malibu 
Beach  enclosure  and  subject  to  a  detailed  receiving 
water  quality  analysis. 

No.  10  -  Granite  Avenue 

Facility  No.  10  would  be  located  in  the  vicinity  of  Out- 
fall 51  and  treat  overflows  from  Outfalls  54,  51 
and  53.   Discharge  would  be  to  the  Neponset  River. 

For  combined  sewer  overflows  not  tributary  to  a 
proposed  regulation  system,  special  localized  solutions 
may  be  required.   In  some  cases,  these  are  already  planned 
to  be  implemented  and,  although  they  may  not  comply  with 
the  design  criteria  selected  for  this  study,  are  assumed 
to  be  part  of  the  plan. 

Table  5-2  shows  separation  as  a  solution  for  several 
special  projects.   In  these  cases,  site  specific  detailed 
planning  should  be  done  considering  other  solutions.   How- 
ever, if  separation  is  selected,  design  of  drainage  systems 
should  incorporate  criteria  related  to  quality  control, 
such  as  outfall  structures  designed  to  skim  floatables, 
retain  debris  and  large  solids. 

Table  5-2  applies  to  all  alternatives  considered. 
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TABLE  5-2. 


OVERFLOW  ABATEMENT  ALTERNATIVES: 
PROJECTS 


SPECIAL 


Outfall 
No. 


Location 


Abatement  alternative 
or  existing  condition 


63 


Brighton 


5,    7 


Cambridge 


93,11,23, 
29,39,47, 
55,64 


88,    90 


Charlestown 


Somerville 


Chelsea 


119 


East  Boston 


95 


South  Boston 


Connect  overflow  to  South 
Charles  Relief  Sewer  for 
diversion  to  Cottage  Farm 
facility. 

To  be  connected  to  the  Cottage 
Farm  facility  via  the  North 
Charles  Relief  Sewer  upon  its 
completion. 

These  outfalls  are  to  be 
separated  under  urban  renewal 
projects  directed  by  the 
Boston  Redevelopment  Authority. 

These  outfalls  are  treated  by 
the  Somerville  Chlorination 
facility. 

The  tributary  area  to  this 
outfall  could  be  separated, 
possibly  under  an  urban  renewal 
project,  or  the  overflow  can 
be  diverted  to  chlorination- 
detention  Tank  No.  6. 

The  tributary  area  to  this 
outfall  could  be  separated  or 
the  overflow  could  be  diverted 
to  Tank  No.  7. 

There  is  no  overflow  during  a 
one-year  storm  at  this 
location. 


Costs.   Table  5-3  summarizes  pertinent  data  on 
this  plan  along  with  the  construction  costs  of  major 
components. 
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Alternative  2:   Moon  Island  Tunnel  Plan 

In  Alternative  2  regulation  facilities  No.  1  through 
6  and  10  would  exist  as  described  in  Alternative  1.  Regula- 
tion facilities  No.  7,  8  and  9  would  be  replaced  by  a  tunnel 
plan  shown  in  Figure  5-2  consisting  of: 

1.  Surface  transmission  lines, 

2.  deep  hard  rock  tunnels  and  junction  chamber, 

3.  pump  station  and  return  sludge  system, 

4.  chlorinat ion-detention  facilities,  and 

5.  outfall. 

A  network  of  transmission  lines  would  collect  the 
overflows  from  combined  sewers  tributary  to  the: 

1.  East  Side  Interceptor. 

2.  Dorchester  Brook  Conduit. 

3.  South  Boston  Interceptor  (North  and  South),  and 

4 .  Dorchester  Interceptor  above  Victory  Road. 

The  transmission  lines  would  transport  overflows  via  head- 
works  to  one  of  three  tunnels.   These  tunnels  would  meet  at 
a  junction  chamber  below  Columbus  Circle  where  a  fourth 
tunnel  would  transport  the  flow  to  a  pump  station  at  Moon 
Island.   The  flow  would  then  be  pumped  into  tanks  at  Moon 
Island.   Retained  flows  and  wastes  would  be  returned  to 
the  interceptor  system  for  treatment  at  the  Deer  Island 
Treatment  Plant. 

Facilities  applicable  to  the  tunnel  system  are  des- 
cribed as  follows. 

East  Side  transmission  conduit.   This  would  act  as 
a  storm  overflow  conduit  for  the  East  Side  Interceptor  and 
discharge  through  a  headworks  into  the  tunnel  in  the  vicinity 
of  the  Dorchester  Brook  outfall.   Sizes  and  alignment  would 
be  similar  to  the  collection  conduit  for  facility  No.  7  in 
Alternative  1. 

South  Boston  transmission  conduit.   This  line 
would  collect  overflows  76,  5B~^  and  42  and  transport  them 
to  the  vicinity  of  outfall  37  where  they  would  enter  the 
South  Boston  tunnel.   Sizes  and  alignment  would  be  similar 
to  the  collection  conduit  for  facility  No.  8  in  Alterna- 
tive 1. 
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FIG  5-2  MOON  ISLAND  TUNNEL  PLAN  WITH  SATELLITE  REGULATION 
FACILITIES  AND  COLLECTION  SYSTEMS  IN  ALTERNATIVE  2 


Dorchester  Brook  Tunnel.   This  tunnel  would  receive 
flow  from  the  East  Side  transmission  conduit  and  the  Dor- 
chester Brook  conduit.   The  flow  would  travel  through  the 
tunnel  approximately  1.8  miles  to  a  junction  chamber  in 
the  vicinity  of  Columbus  Circle. 

South  Boston  Tunnel.   This  tunnel  would  collect 
the  flow  from  the  South  Boston  transmission  conduit  and  the 
flows  from  outfalls  37,  14 ,  4l ,  30,  38,  97,  35,  and  28. 
These  flows  would  be  transported  through  approximately 
2.0  miles  of  tunnel  to  the  vicinity  of  Columbus  Circle. 

The  Dorchester  Beach  Tunnel.   This  tunnel  would 
collect  the  flows  from  the  Tenean  Beach  overflow  49  and  the 
Malibu  Beach  overflows  50  and  67.   The  tunnel  would  run 
approximately  1.7  miles  to  the  vicinity  of  Columbus  Circle. 

Main  Tunnel  to  Moon  Island.   This  tunnel  would 
transport  the  flows  collected  by  the  three  branch  tunnels 
to  the  pump  station  located  under  the  Moon  Island  detention 
tanks.   The  proposed  route  would  follow  the  existing 
Dorchester  Bay  tunnel  for  a  distance  of  approximately 
3 . 5  miles. 

Access  Tunnel.   The  access  tunnel  provides  access 
for  the  construction  operations  and  subsequent  operation 
and.  maintenance.   Location  of  access  tunnel  would  be 
determined  during  final  design. 

Junction  Chamber.   The  junction  chamber  would 
join  the  branch,  main  and  access  tunnels  in  the  Columbus 
Circle  area.   The  chamber  would  be  designed  to  reduce 
turbulence  and  sedimentation,  as  flows  are  directed  to  the 
main  pump  station  under  Moon  Island. 

High  Lift  Pump  Station.   This  pump  station  would 
be  located  at  the  end.   of  the  main  tunnel  under  Moon  Island 
and  would  be  designed  to  pump  a  peak  flow  of  approximately 
350  mgd  (based  on  12  foot  diameter  tunnels)  with  a  total 
head  of  approximately  300  feet.   The  flow  would  be  screened 
prior  to  pumping. 

Return  Flow  Pumps.   These  pumps  would  return  the 
collected  overflow  in  the  detention  tanks  via  a  force  main 
to  the  Boston  Main  Drainage  System  and  eventual  treatment 
at  either  the  Nut  Island  or  at  Deer  Island  STP.   The  force 
main  could  be  located  within  the  existing  Dorchester  Bay 
tunnel  and  discharge  into  the  Columbus  Park  connection. 
Detailed  investigation  would  determine  the  dewatering 
rate  dependent  on  available  capacity  at  the  wastewater 
treatment  plant  and  allowable  detention  time  in  the  tanks 
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at  Moon  Island.   It  is  estimated  that  dewatering  of  the 
entire  stored  volume  in  48  hours  would  require  a  48-inch 
force  main  and  a  pump  capacity  of  under  100  cubic  feet  per 
second  (cfs) . 

If  under  final  planning  it  is  determined  that  only 
retained  solids  would  be  returned  to  the  system  dewatering 
of  the  sludge  (less  than  1  percent  of  the  total  volume) 
would  require  an  8  to  10- inch  line  with  a  pump  capacity  of 
at  about  2  mgd. 

Other  alternatives  to  dewatering  that  should  be 
investigated  are  on  the  basis  of  dewatering  of  the  system 
at  Columbus  Park  through  back  sloping  of  the  tunnels. 

Tanks.   The  existing  tanks  on  Moon  Island  would 
be  rehabilitated  for  detention  storage  and  sedimentation. 

Outfall.   At  the  present  time.  Moon  Island  dis- 
charge is  through  outlet  to  the  surface  of  the  Harbor  waters. 
An  outfall  with  bottom  discharge  and  diffusion  would  be 
provided.   The  exact  location  of  the  outfall  from  Moon 
Island  would  be  subject  to  a  detailed  water  quality  analy- 
sis.  The  choice  of  location  would  seek  to  maximize  the 
overflow  during  both  flood  and  ebb  tides. 

Table  5-4  summarizes  the  costs,  area  served,  and 
location  for  Alternative  2. 

Costs.   The  major  components  and  costs  for 
Alternative  2  are  shown  in  Table  5-4. 

Alternative  3:   Modified  Moon  Island  Plan 

Alternative  3  is  a  variation  in  the  handling  of 
Dorchester  Bay  overflows  as  shown  on  Figure  5-3.   Tank 
No.  8  and  9  are  combined  into  a  single  system  centered 
around  a  tank  at  Columbus  Point  and  upgrading  of  the  exist- 
ing Moon  Island  facilities.   Facilities  included  are: 

1.  Stormwater  collection  conduits  in  South  Boston 
and  Dorchester, 

2.  tanks  at  Columbus  Point  and  on  Moon  Island, 

3.  upgraded  Calf  Pasture  Pumping  Station, 

4.  return  sludge  system,  and 

5.  outfall. 
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FIG  5-3  MODIFIED  MOON  ISLAND  PLAN  WITH  SATELLITE  REGULATION 
FACILITIES  AND  COLLECTION  SYSTEMS  IN  ALTERNATIVE  3 


The  stormwater  collection  conduits  in  South  Boston 
and  Dorchester  would  divert  flows  from  overflows  76,  58, 
42,  37,  14,  41,  30,  38,  97,  35,  28,  67,  50  and  49  to  the 
vicinity  of   Columbus  Circle.   The  flow?  would  then  be 
combined  and  routed  to  the  Calf  Pasture-  Pumping  Station  to 
be  pumped  through  the  Dorchester  Pay  tunnel  to  Moon  Island. 
A  detailed  investigation  would  be  required  to  determine  the 
existing  condition  of  the  Dorchester  Bay  Tunnel.   The  Moon 
Island  tanks  would  be  upgraded  with  chjorination  and 
screening  facilities  and  overflows  would  be  treated  and 
discharged  to  the  Harbor.   Flows  in  excess  of  the  transport 
system  capacity  would  be  diverted  to  an  adjacent  tank  for 
treatment  and  discharge.   On  this  basis,  first  flush  would 
not  be  discharged  to  the  shoreline  tan!:. 

Captured  flows  and  wastes  at  the-  Moon  Island  and 
Columbus  Point  facilities  would  be  returned  to  the  MDC 
Interceptor  System  at  Columbus  Park  for-  transmission  to 
the  Deer  Island  Treatment  Plant. 

Major  facilities  of  the  Dorches' er  Bay  system  would 
be  as  follows. 

Dorchester  Collection  Conduit.  This  conduit,  about 
12  feet  in  size,  would  consolidate  overflows  49,  50  and  67 
and  divert  to  a  junction  with  the  South  Boston  Conduit  and 
the  existing  Moon  Island  system. 

South  Boston  Collection  Conduit.   Overflows  76, 
58,  42,  37,  14,  41,  30,  38,  97  and  35,  essentially  con- 
sisting of  Reserved  Channel  and  South  Boston  Beach  area 
discharges,  would  be  collected  by  this  conduit.   Varying 
from  approximately  7  to  14  feet  in  size,  the  conduit  would 
generally  follow  the  shoreline  to  the  Columbia  Point  area. 

Columbia  Point  Tank.   The  Columbia  Point  tank 
would  only  receive  flows  in  excess  of  the  capacity  of  the 
Moon  Island  transport  system.   On  this  basis,  such  would 
generally  not  include  first  1>lush,  but  the  more  dilute 
extended  flows.   The  tank  would  be  about  1.7  cubic  feet 
in  size. 

Dewatering  of  captured  flow  and  wastes  would  be  via 
diversion  to  the  Columbia  Pa^k  Headwords. 

Moon  Island  Holding  Facility.   The  existing  basins 
on  Moon  Island  would  be  upgraded  and  cnlorination,  screen- 
ing and  cleaning  facilities  would  be  installed.   Dewatering 
would  be  as  described  in  Alternative  c . 
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Other  possible  alternatives  to  this  would  be  use  of 
the  Columbia  Point  Tank  as  a  first  flush  capturing  tank  and 
the  Moon  Island  system  for  extended  flows  disinfection.   In 
this  way,  it  may  not  be  necessary  to  return  flows  from  the 
Moon  Island  facility.   Further,  this  alternative  could 
be  modified  to  retain  overflows  37,  ^2,  58  and  76  in  a  tank 
in  the  Reserved  Channel  area  and,  thereby  reduce  flows  to 
the  Moon  Island  facility. 

Calf  Pasture  Pumping  Station.  This  pumping  station 
would  be  upgraded  with  modern  screening  and  pumping  equip- 
ment to  meet  design  flow  conditions. 

Outfalls.  A  cost  allowance  for  outfalls  has  been 
made  for  both  tanks.   However,  detailed  circulation  and 
water  quality  analyses  are  needed  at  both  locations.   It  is 
expected  that  the  present  Moon  Island  surface  discharge 
would  be  converted  to  a  diffused  bottom  discharge  in  a 
location  where  benefit  from  depth  and  circulation  will 
result . 

Costs.   A  summary  of  major  facilities  along  with 
their  costs  for  Alternative  3  are  shown  in  Table  5-5. 

Cost  Summary 

The  total  construction  and  operation  costs  for  each 
alternative  are  summarized  in  Table  5-6. 


TABLE  5-6.   SUMMARY  OF  CAPITAL  AND  OPERATION 

AND  MAINTENANCE  COSTS  FOR  COMBINED  SEWER 

OVERFLOW  REGULATION  ALTERNATIVES 


Alternative 


Operation  and  main- 
tenance cost(D 
Capital  costVJ">   (million  dollars 
(million  dollars)  per  year) 


(1) 


1  279 

2  299 

3  307 

T.      January  1975  costs  (ENR  2200) 


3.9 
3.7 
3.8 


Costs  for  ongoing  projects  are  not  included  such  as 
separation  in  Cambridge  and  Somerville  and  the  MDC  Charles 
River  Chlorination-Detention-Pumping  Station  Project. 
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CHAPTER  6 

EVALUATION  OP  ALTERNATIVES  AND 
RECOMMENDED  COURSE  OF  ACTION 

Consideration  of  Water  Quality  Needs 

Although  the  Boston  Harbor  and  its  tributary  streams 
are  one  Interrelated  entirely,  conditions  and  uses  vary 
throughout.   Recognizing  this,  the  Massachusetts  Division 
of  Water  Pollution  Control  has  set  differing  standards  in 
sections  of  the  Boston  Harbor  area.* 

In  considering  water  quality  problems  and  remedial 
needs  related  to  combined  sewer  overflows,  the  areas 
tributary  to  sections  of  the  Boston  Harbor  have  been  grouped 
as  shown  on  Figure  4-1.   General  grouping  are: 

Dorchester  Bay,  including  overflows  from  Dorchester 
and  South  Boston; 

Charles  River  Basin,  consisting  of  overflows  up- 
stream from  the  new  Charles  River  Dam  location, 
including  existing  regulation  facilities; 

Neponset  River  Estuary,  including  overflows  from 
Dorchester;  and 

Inner  Harbor ,  including  main  shipping  areas  of  the 
Harbor  and  the  estuary  portions  of  the  Charles  and 
Mystic  Rivers. 

Dorchester  Bay.   This  is  the  primary  water  con- 
tact recreation  area  In  Boston  Harbor  with  attendance  well 
in  excess  of  10,000  persons  per  day.   Its  protection  is 
of  immediate  importance  and  criteria  used  must  relate  to 
the  objectives  of  maintaining  water  contact  recreation 
there. 

Charles  River  Basin.   The  Basin,  with  its  shore- 
line parks,  adjacent  roadways  and  its  bridges  is  the  most 
visible  water  resource.   Along  with  this  Is  the  high 
volume  of  small  boat  activity  providing  an  even  greater 
visibility  to  the  public.   Another  critical  resource  in 


*Boston  Harbor  Pollution  Survey,  Division  of  Water 
Pollution  Control,  Massachusetts  Water  Resources  Commis- 
sion, August  1970. 
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the  Basin  area  receiving  combined  sewer  overflows  is  the 
Back  Bay  Fens.   It  also  is  a  high  visibility  resource. 

In  addition  to  the  objectives  of  aesthetic  quality, 
the  Basin  must  be  considered  as  a  reservoir  with  a  long 
residence  time  of  pollution  discharges  to  it.   Settleable 
materials  may  even  remain  there  permanently. 

Regulation  objectives  of  overflows  in  the  Basin  area 
must,  therefore,  include  the  removal  of  solids  and  floating 
matter  along  with  an  overall  reduction  of  pollution 
discharges. 

Neponset  River  Estuary.   Third  in  priority  for 
reduction  of  pollution  from  combined  sewer  overflows 
is  the  Neponset  River  area.   Due  to  its  potential  effects 
on  the  beach  and  shellfish  areas  of  Dorchester  Bay  and 
because  of  its  classification  as  an  area  available  for 
water  contact  recreation  and  restricted  shellf ishing, 
objectives  must  be  addressed  to  those  uses. 

Inner  Harbor.   The  Inner  Harbor  is  considered 
lowest  in  priority  of  importance  in  remedial  actions 
related  to  combined  sewer  overflows.   Its  classification 
will  not  permit  its  use  for  body  contact  recreation  nor 
shellf ishing.   Since  its  use  is  primarily  for  commercial 
shipping  and  its  shoreline  is  developed  with  piers  and  high 
walls,  objectives  of  visual  pollution  abatement  are  most 
important.   However,  the  potential  effects  of  Inner 
Harbor  discharges  on  the  nearby  beach  areas  must  also  be 
considered  in  deciding  on  solutions. 

The  combined  sewer  overflows  in  the  Constitution 
Beach  area  are  a  special  case  in  the  Inner  Harbor  grouped 
overflows.   Protection  objectives  there  must  be  similar 
to  those  in  Dorchester  Bay. 

Evalution  of  Alternatives 

As  stated  in  Chapter  4,  good  housekeeping  is  stressed 
here  as  an  important  contributor  to  water  pollution  con- 
trol, but  is  not  considered  as  an  alternative.   Also, 
source  controls,  such  as  ponding,  are  not  considered 
feasible  measures  due  to  the  highly  developed  combined 
sewer  areas  and  because  such  do  not  provide  positive 
measures  at  the  outfalls  once  overflow  does  occur. 
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The  major  alternatives  here  are  sewer  separation, 
overflow  diversions  via  Boston's  proposed  Deep  Tunnel  Plan 
and  intermediate  approaches  of  decentralized  nature. 

Sewer  Separation.  ;  Sewer  separation  solely  on  the 
basis  of  water  quality  improvement  is  not  recommended  unless 
such  is  intended  for  the  more  remote  areas.   This  is  be- 
cause of  cost  and  the  comparatively  small  water  quality 
gains.   However,  it  should  be  considered  as  a  viable 
alternative  in  remote  locations  or  where  major  improvements 
to  the  system  are  required  in  any  event  due  to  flooding 
problems-.   In  such  cases,  however,  the  ensuing  separated 
drainage  system  should  incorporate  measures  for  removal  of 
debris,  large  solids  and  floating  matter  and  possibly 
provide  for  disinfection  in  certain  cases  prior  to  discharge. 

Sewer  separation  incorporating  the  above  requirements 
is  recommended  in  certain  scattered  locations  as  discussed 
in  Chapter  5. 

Deep  Tunnel  Plan.   The  Deep  Tunnel  Plan  as  pro- 
posed to  the  City  of  Boston  is  intended  for  complete  diver- 
sion from  the  Harbor  area  of  nearly  all  runoff  reaching  the 
combined  sewer  systems  up  to  a  15-year  design  storm.   How- 
ever, a  1-year  design  storm  is  used  as  the  basis  for  sizing 
decentralized  system  facilities  in  this  study. 

From  a  treatment  point  of  view,  removal  of  floatable 
matter  would  be  required  even  for  a  deep  ocean  discharge 
as  stated  in  Chapter  5. 

In  addition  to  requiring  a  total  early  commitment  to 
this  alternative,  abandonment  would  be  required  of  certain 
facilities  that  exist  and  others  that  are  presently  under 
construction. 

The  estimated  cost  in  1967  (ENR  1100  as  opposed  to 
ENR  2200  in  this  report)  for  the  proposed  Deep  Tunnel  Plan 
was  about  $430  million  for  construction  and  $2.63  million 
per  year  for  operation  and  maintenance.   As  shown  in 
Table  5-6,  the  estimated  cost  for  additional  facilities  for 
a  decentralized  plan  would  be  about  $300  million  and  $3.7 
million  per  year,  respectively,  for  construction  and 
operation  and  maintenance.   To  equitably  compare  the  decen- 
tralized plan  with  the  Deep  Tunnel  Plan  the  operation  and 
maintenance  costs  for  existing  facilities  were  added  to 
the  $3.7  million  cost  for  the  decentralized  plan.   The  cost 
for  the  Deep  Tunnel  Plan  was  adjusted  by  a  simple  ENR  ratio 
to  an  ENR  of  2200.   Comparison  of  capital  and  operation  and 
maintenance  costs  indicates  that  the  decentralized  plan  is 
considerably  less  expensive  than  the  Deep  Tunnel  Plan. 
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Another  factor  of  importance  is  considering  the  Deep 
Tunnel  Plan  is  the  effect  such  a  diversion  will  have  on 
flushing,  action  of  the  Harbor.   Stormwater  runoff  provides 
occasional  advective  transport  capability  to  the  Harbor 
waters.   Harbor  water  exchange  with  the  ocean  occurs  as  a 
result  of  circulation,  diffusion  and  advective  through 
flow.   Other  contributors  to  advection  in  the  Boston  Harbor 
are  river  flows  and  treatment  plant  discharges. 

Decentralized  Plan.   As  presented  in  this  report, 
additional  feasible  alternatives  exist  in  the  form  of 
decentralized  solutions. 

A  decentralized  plan  would  continue  present  remedial 
practices . 

Such  a  plan  would  allow  peacemeal  implementation 
with  immediate  opportunities  for  solving  high  priority 
problem  areas . 

The  degree  and  nature  of  the  improvements  could  be 
geared  to  specific  needs  of  each  location  and  the  extent 
of  regulation  provided  could  be  carried  out  in  stages  so 
that  advantage  can  be  taken  of  evolving  technologies  in 
combined  sewer  overflow  regulation  and  treatment.   Treat- 
ment options  under  research  and  development  have  centered 
around  physical  treatment  concepts  of  concentration,  screen- 
ing, sedimentation,  flotation,  filtration  and  disinfection. 
Nonmechanical  concentration  devices  using  induced  fluid 
motions  to  separate  settleable  and  floatable  solids  from 
overflows  have  shown  solids  removals  in  excess  of  35  per- 
cent.  High  rate  screening  devices  have  received  con- 
siderable attention,  but  present  results  have  been 
disappointing.   Sedimentation  generally  has  been  a  secondary 
benefit  to  detention  facilities.   As  shown  in  Chapter  5, 
results  at  the  Cottage  Farm  facility  have  shown  significant 
reductions  due  to  sedimentation  and  capture.   Due  to  objec- 
tives of  aesthetic  quality,  dissolved  air  flotation  has 
received  considerable  attention.   A  test  faoility  in 
Wisconsin  has  shown  average  biochemical  oxygen  demand  (BOD) 
and  suspended  solids  (SS)  removals  at  about  50  percent. 
Pilot  plant  results  on  high  rate  filtration  have  shown  high 
BOD  and  SS  removals.   In  addition,  high  removals  of  phos- 
phates have  been  found.   Recognizing  the  large  storage 
capacity  needed  for  disinfection  contact,  considerable 
effort  has  been  addressed  to  high  initial  mixing  concepts. 
Pilot  plant  work  has  demonstrated  that  disinfection  at 
contact  times  as  low  as  1  to  2  minutes  could  be  achieved. 
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In  spite  of  these  findings,  the  largest  benefits  in 
pollution  reduction  in  decentralized  systems  will  probably 
come  from  first  flush  capture  and  diversion  to  the  dry  ,.. 
weather  flow  treatment  plant  and  through  sedimentation, •''■' 
skimming  and  disinfection  as  a  result  of  detaining  over- 
flows, while  other  treatment  processes  will  be  employed 
where  such  prove  to  be  necessary  for  further  polishing. 

A  large  drawback  in  decentralized  systems  has  been 
space  requirement  in  high  density  land  use  areas.   Sotfi;^- 
of  this  is  being  overcome  by  designs  involving  multiple 
use  of  land.   For  example,  placement  of  overflow  regulation 
facilities  under  parking  garages,  recreational  facilities, 
parks,  bus  stops  and  the  like  is  being  practiced. 

Another  key  factor  in  the  decentralized  approach  is 
the  selection  of  overflow  groupings  and  the  selection  of 
overflow  regulation  facility  discharge  points.   In  the 
Charles  River  Basin  area,  overflow  discharge  concentration 
is  dictated  to  some  extent  by  overflow  conduit  arrange- 
ments and  capacities  originally  constructed  for  the  abate- 
ment of  overflows  there.   The  prime  objectives  in  this 
location  would  be  to  make  maximum  use  of  existing  facili- 
ties and  provide  treatment  levels  necessary.   In  the  Back 
Bay  Fens  improvement  of  circulation  would  be  an  added 
objective . 

Opportunities  for  alternative  arrangements  exist 
in  the  most  critical  water  quality  problem  areas  in 
Dorchester  Bay  and  the  Inner  Harbor.  Water  quality  con- 
siderations are  discussed  in  the  next  section. 

Boston  Harbor  Modeling  Results 

The  Massachusetts  Division  of  Water  Pollution  Control 
conducted  water  quality  simulations  for  selected  conditions 
using  their  Hydrodynamic  and  Time  Variable  Water  Quality 
Models.* 

Initially,  output  from  the  combined  sewer  modeling 
under  existing  conditions  was  simulated  as  discharged 
loads  in  terms  of  coliform  bacteria.  An  attempt  was  made 


^Development  of  Hydrodynamic  and  Time  Variable  Water 
Quality  Models  "of  Boston  Harbor  for  Commonwealth  of 
Massachusetts  Water  Resources  Commission,  Hydroscience, 
Inc.,  July  1973. 
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to  compare  these  to  measured  coliform  conditions  resulting 
from  a  rainstorm  in  1972.   However,  in  the  Inner  Harbor 
area  and  near  the  Deer  Island  Treatment  Plant  measured 
discharge  coliform  levels  were  considerably  higher  than 
those  simulated.   Due  to  an  overwhelming  background  level 
in  the  Inner  Harbor  area  and  the  unknown  disinfection 
conditions  at  Deer  Island  during  this  time  along  with 
the  highly  varying  tidal  conditions,  conclusions  could 
not  be  made  without  extensive  further  studies. 

Since  it  is  intended  to  destruct  bacteria  and  remove 
floatable  materials  and  large  solids  at  the  regulation 
facilities,  the  objective  in  evaluating  alternative  arrange- 
ments was  to  study  the  movement  of  simulated  overflow 
volumes  under  design  storm  conditions  which  then  can  be 
extrapolated  to  concentrations  of  waste  parameters  as  a 
measure  of  selecting  discharge  locations.   Figures  6-1  through 
6-4  give  a  picture  of  the  results.   The  values  recorded 
on  these  figures  represent  a  comparison  among  the  volume 
of  overflow  water  discharged  during  a  one-year,  six-hour 
design  storm  under  existing  conditions  and  for  the  three 
decentralized  alternatives  described  in  Chapter  5. 

The  values  shown  are  in  parts  of  discharge  water  to 
million  parts  of  Harbor  water  during  high  tide  at  18.7  hours 
after  the  start  of  overflows.   For  example,  the  line  showing 
1,000  parts  per  million  (ppm)  represents  a  one  tenth  of  a 
percent  discharge  water  concentration.   An  overflow  pollu- 
tion concentration  of  100  ppm  (as  for  example  for  BOD)  would 
convert  to  a  concentration  of  one  thousandth  of  a  percent, 
or  0.1  ppm  at  that  location.   Present  BOD  background  levels 
in  the  Harbor  are  about  1.7  ppm.   It  must  be  noted,  however, 
that  these  are  sectionally  averaged  values.   Also,  con- 
siderably more  analysis  and  detailed  testing  and  verifica- 
tion are  required  in  order  to  take  full  advantage  of  this 
modeling  as  an  aid  in  decision  making  for  final  design. 

Under  existing  overflow  conditions,  the  highest 
discharge  volumes  experienced,  as  shown  on  Figure  6-1  are 
at  the  mouth  of  the  Charles  River  Estuary,  in  the  Fort 
Point  Channel,  in  the  Old  Harbor  areas  and  in  the  Dorchester 
Bay  area  near  Malibu  Beach.   Elimination  of  the  effects  in 
the  latter  two  locations  are  of  prime  importance  and  are 
addressed  by  the  decentralized  alternatives  discussed 
earlier. 
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FIG  6-1  HYDRODYNAMIC  AND  WATER  QUALITY  MODEL  RESULTS 
IN  BOSTON  HARBOR  FOR  EXISTING  CONDITIONS 


FIG.  6-2  HYDRODYNAMIC  AND  WATER  QUALITY  MODEL  RESULTS  IN  BOSTON 
HARBOR  FOR  ALTERNATIVE  1  SATELLITE  REGULATION  FACILITIES 
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FIG.  6  3  HYDRODYNAMIC  AND  WATER  QUALITY  MODEL  RESULTS  IN 
BOSTON  HARBOR  FOR  ALTERNATIVE  2  MOON  ISLAND  TUNNEL  PLAN 
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FIG.  6-4  HYDRODYNAMIC  AND  WATER  QUALITY  MODEL  RESULTS  IN 
BOSTON   HARBOR  FOR  ALTERNATIVE  3  MODIFIED  MOON  ISLAND  PLAN 


Inspection  of  Figures  6-2  through  6-4  indicates  that 
the  simulations  shows  Alternative  2  to  be  slightly  better 
than  Alternative  3  and  considerably  better  than  Alterna- 
tive 1  in  Dorchester  Bay.   Alternative  1  consists  of  10 
regulation  facilities  and  outfalls.   Alternative  2  would 
route  all  tributary  flow  from  downtown  Boston,  South  Boston 
and  Dorchester  through  the  Moon  Island  facilities.   Alter- 
native 3  was  operated  on  the  basis  of  maximum  use  of  Moon 
Island  through  the  existing  Dorchester  Bay  Tunnel  with  the 
Columbia  Point  regulation  facility  taking  only  excess 
flows . 

In  both  Alternatives  2  and  3  discharge  from  Moon 
Island  was  from  the  existing  shoreline  outlets.   Due  to 
the  higher  flows  diverted  to  this  location  in  Alternative  2, 
effects  from  overflows  increased  into  Quincy  Bay.   Special 
simulations  evaluating  the  relocation  of  this  outlet  to 
deeper  water  near  President  Roads  eliminated  this  effect  on 
Quincy  Bay. 

An  observation  of  the  simulation  of  discharges  into 
the  Reserved  Channel  area  indicates  that  such  flows  tend  to 
creep  into  Dorchester  Bay  due  to  their  proximity. 

In  general,  these  simulations  indicate  that  overflow 
concentrations  are  small,  if  properly  diffused;  that  over- 
flows from  the  Dorchester  Bay  and  other  beach  areas  should 
be  excluded;  and  that  consideration  should  be  given  to 
retaining  the  Moon  Island  facilities,  in  some  form,  for 
purposes  of  combined  sewer  overflow  regulation.   Since  the 
discharge  system  at  Moon  Island  is  to  the  water  surface  and, 
therefore,  must  be  changed  to  a  submerged  and  diffused 
system  in  an  upgraded  situation,  the  location  of  such  dis- 
charge towards  President  Roads  should  be  studied. 

In  further  studies  consolidation  of  combined  sewer 
overflows  from  the  Dorchester  Bay  area  for  discharges  to  the 
Inner  Harbor  and  President  Roads  through  Moon  Island 
should  be  evaluated.   However,  it  appears  that  diversion 
of  overflows  toward  the  Neponset  River  Estuary  are  not  a 
beneficial  approach. 

It  must  be  noted  that  these  simulations  represent  a 
measure  of  overflows  and  associated  wastes  that  mix  and 
disperse  in  the  water  body.   The  movement  of  floatables, 
however,  cannot  be  represented  by  such  analysis.   In 
addition,  the  study  is  preliminary  and  more  detailed 
analyses  are  required  for  design  decisions. 
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Recommended  Course  of  Action 

The  recommended  course  of  action  is  made  on  the  basis 
that  treatment  will  be  extended  to  secondary  at  the  Deer 
Island  and  Nut  Island  treatment  plants.   Should  another 
alternative  involving  ocean  discharge  become  the  selected 
plan  for  these  treatment  plants,  additional  feasible 
opportunities  to  combined  sewer  overflow  regulation  in 
conjunction  with  dry  i.eather  flow  treatment  may  become 
available. 

The  following  course  of  action  presents  outline 
plans  of  study  for  facilities  planning  projects  involving 
combined  sewer  overflow  regulation. 

Dorchester  Bay  Combined  Sewer  Overflow  Regulation 
Proj  ect .   This  project  would  be  for  a  facilities  plan  on 
the  regulation  of  overflows  in  the  Dorchester  Bay  area  and 
should  include: 

1.  Refinement  of  the  combined  sewer  system  models 
to  increase  confidence  in  the  predictive  ability 
of  the  model.   As  more  field  data  is  collected 
in  the  combined  sewer  system  and  the  receiving 
waters  parameters  originally  estimated  based 

on  limited  data  could  be  fine  tuned  and  the 
model  rerun  to  verify  original  estimates  of 
flows  and  pollutants.   The  updated  flow  and 
pollution  data  could  then  be  used  to  develop 
optimum  design  for  transport  conduits  and 
related  pollution  control  facilities. 

2.  Rainfall-runoff-overflow  measurements  in  a 
selected  controlled  test  area  for  model  verifi- 
cation and  parameter  correlation.   These  measure- 
ments should  extend  into  the  receiving  water. 

3.  Detailed  consideration  of  special  pollution 
sources,  such  as  hospitals. 

4.  Refinement  and  verification  of  Harbor  water 
quality  simulation  models  for  evaluation  of 
potential  discharge  locations. 

5.  Evaluation  of  alternatives.   Consideration  of 
diverting  discharges  in  the  direction  of  the 
Neponset  River  Estuary  do  not  appear  desirable. 
However,  alternatives  of  discharges  in  the 
Inner  Harbor  area  and  around  Moon  Island  in  the 
direction  of  President  Roads  should  be  investi- 
gated.  Alternatives  should  be  evaluated  on 
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their  performance  over  a  longer  hydrologic 
.  record  under  varied  storm  conditions  so  that 
appropriate  design  hydrology  can  be  used  in 
each  case. 

The  period  of  record  over  which  an  alternative 
can  be  analyzed  is  a  factor  of  the  available 
rainfall  data  (and  in  some  cases  water  quality 
data  if  water  quality  analysis  is  included) 
and  the  cost  of  the  analysis  technique.   The 
actual  period  of  time  would  vary  on  a  case  by 
case  basis  and  is  judgmental  in  nature  but 
certainly  should  include  what  is  by  local 
standards  a  "wet  year". 

6.  Detailed  inventory  and  evaluation  of  the  feasi- 
bility of  upgrading  the  Moon  Island  facilities. 

7.  Site  selection  and  preliminary  engineering. 

8.  Consideration  of  multipurpose  uses  of  land. 

Charles  River  Basin  Combined  Sewer  Overflow  Regula- 
tion Project.   This  project  should  involve  evaluation  of 
the  entire  system  related  to  combined  sewer  overflows 
tributary  to  the  Basin  once  the  New  Dam  and  related  facili- 
ties are  completed.   Included  should  be  the  Back  Bay  Fens 
area  and  the  as  yet  unconnected  overflows  along  the  Charles 
River  Basin.   Facilities  planning  should  emphasize  an  operat- 
ing system  towards  optimum  use  of  existing  facilities  along 
with  treatment  required  at  new  facilities.   The  major 
project  tasks  should  be: 

1.  Refinement  of  combined  sewer  models  to  the 
extent  necessary  so  that  all  existing  overflow 
conduits  can  be  evaluated  in  detail. 

2.  Rainfall-runoff-overflow  measurements  in  a 
selected  controlled  test  area  for  model  verifi- 
cation and  parameter  selection.   Since  the  Basin 
essentially  acts  as  a  reservoir,  exclusion  of 
pollutants  should  be  the  objective  rather  than 
searching  for  an  optimum  discharge  point. 

3.  Consideration  of  the  state-of-the-art  in  storage- 
treatment  concepts  for  overflows  discharged  above 
the  new  Charles  River  Dam. 

4.  Consideration  of  new  regulator  technologies 
for  upgrading  such  facilities  at  the  existing 
overflow  conduits. 
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5.  Evaluation  of  alternatives.   Optimum  solutions 
in  this  project  area  appear  to  be  an  operating 
system  that  would  make  maximum  use  of  existing 
facilities  in  such  a  way  that  first  flush  effects 
are  transported  to  facilities  below  the  Dam  for 
treatment  and  discharge,  or  are  stored  and 
treated  more  extensively  prior  to  discharge 

into  the  Basin,  or  are  stored  and  diverted  to 
the  Deer  Island  Treatment  Plant.   Performance 
of  alternatives  under  longer  term  hydrologic 
records  must  be  part  of  the  evaluation.   In  the 
development  of  alternatives,  unconnected  over- 
flows must  be  included.   Similarly,  existing 
overflow  conduits  should  become  part  of  the 
operating  system. 

6.  Incorporation  of  Back  Bay  Fens  recreation  objec- 
tives in  plan  selection.   In  the  development 

of  alternatives,  the  problems  and  objectives  of 
the  Back  Bay  Fens  water  resource  should  be 
incorporated  into  the  project.   For  example, 
solving  the  Fens  circulation  problems  should 
be  part  of  the  objectives  of  combined  sewer 
overflow  regulation  there. 

7.  Site  selection  and  preliminary  engineering. 

8.  Consideration  of  multipurpose  use  of  land.   In 
this  case,  multiuse  alternatives  would  be 
especially  important  due  to  the  high  recrea- 
tional potentials  in  the  Back  Bay  Fens  and 
along  the  Basin. 

Neponset  River  Combined  Sewer  Overflow  Regulation 
Proj  ect .   Due  to  its  location,  alternatives  in  this 
project  area  would  primarily  address  the  search  for  a  cost 
effective  solution  to  minimize  pollution  discharges  and  the 
site  selection  alternatives  for  appropriate?  regulation 
facilities.   The  project  tasks  should  include: 

1.  Refinement  of  the  combined  sewer  system  models. 

2.  Evaluation  of  alternatives.   Again,  performance 
on  the  basis  of  longer  range  hydrologic  data 
should  be  evaluated. 

3.  Site  selection  and  preliminary  engineering. 
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Inner  Harbor  Combined  Sewer  Overflow  Regulation 
Project.   It  appears  that  consolidation  of  overflows  in 
the  Inner  Harbor  area  will  be  primarily  directed  at  over- 
coming constraints  associated  with  space  needed  for  conduits 
and  regulation  facilities.   Therefore,  primary  efforts  in 
this  area  should  be  directed  at  the  technical  problems  of 
conduit  location,  regulator  design  and  discharge  pipe 
location.   The  facilities  plan  should  cover  among  other 
things  the  following: 

1.  Refinement  of  combined  sewer  system  models. 

2.  Detailed  consideration  of  industrial  pollution 
sources. 

3.  Evaluation  of  consolidation  alternatives  based 
on  the  technical  problems  stated  above. 

4.  Site  selection  and  preliminary  engineering. 

5.  Consideration  of  multipurpose  use  of  land. 

6.  Evaluation  of  overflows  in  the  Constitution 
Beach  area  as  a  special  case. 

Special  Projects.   The  combined  sewer  overflows 
not  tributary  to  a  regulation  facility  should  be  evaluated 
in  accordance  with  possible  solutions  as  listed  in 
Table  5-2. 

Other  special  studies,  as  mentioned  under  several 
of  the  above  projects,  should  be  sample  area  monitoring 
of  the  rainfall-runoff-overflow  process.   Evaluation  of 
such  for  purposes  of  verifying  and  modifying  parameters  for 
combined  sewer  overflow  simulation  should  be  carried  out. 
Similarly,  in  the  case  of  overflows  in  the  beach  areas, 
further  detailed  studies  of  that  Boston  Harbor  area  receiving 
water  should  be  carried  out  to  aid  in  selection  of  optimum 
discharge  locations. 
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APPENDIX  A 
HYETOGRAPH  DEVELOPMENT 


APPENDIX  A 
HYETOGRAPK  DEVELOPMENT 


Development  Procedure 

In  using  simulation  as  a  technique  for  flow  deter- 
mination, time-varying  parameters  are  required.   On  this 
basis,  rainfall  data  representative  of  actual  conditions 
are  necessary  rather  than  using  time-averaged  rainfall 
values  which  are  then  multiplied  by  a  constant  to  obtain 
peak  runoff  as  is  done  in  the  Rational  Method. 

The  steps  used  in  developing  rainfalls  for  the 
design  storms  is  as  follows: 

1.  Select  the  desired  range  of  frequencies  and 
durations  for  the  storms,  i.e.,  1-,  2-,  5-j  or 
15-year  storms  and  2-  or  6-hour  durations.   A 
duration  of  6  hours  was  found  to  be  the  average 
duration  for  storms  in  the  Boston  area  from 
studying  records  of  the  1962-72  period. 

2.  Using  the  U.  S.  Weather  Bureau  data*,  select 
the  appropriate  isopluvial  maps  corresponding 
to  the  particular  storm  frequencies  and  dura- 
tions.  Locate  the  study  area  on  the  maps  and 
record  the  rainfall  depths,  interpolating 
between  isopluvial  lines.   This  rainfall  depth, 
and  frequency  information  for  Boston  Metropoli- 
tan area  is  presented  in  Table  A-l.   Also  shown 
are  the  average  rainfall  intensities  correspond- 
ing to  the  depths  and  durations.   For  rainfall 
durations  less  than  30  minutes,  isopluvial  maps 
do  not  exist.   However,  the  U.  S.  Weather 
Bureau*  provides  constants  for  converting  rain- 
fall depths  at  30-minute  durations  to  depths 

at  5-,  10-,  and  15-minute  durations. 

3.  Select  a  simulation  time  increment  for  each 
storm  duration.   A  10-minute  increment  was 
chosen  for  the  6-hour  storm.   This  was  judged 
to  best  describe  the  storm  characteristics  and 
not  consume  large  amounts  of  computer  time. 

*U.  S.  Weather  Bureau,  Rainfall  Frequency  Atlas  of  the 
United  States  for  durations  from  30  minutes  to  24  hours 
and  return  periods  from  1  to  100  years,  Technical  Paper 
No.  40,  Washington,  D.  C,  May  1961. 
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4.  Select  a  storm  pattern.   Special  consideration 
must  be  given  to  locating  the  rainfall  peak  at 
a  point  from  the  beginning  of  the  storm  that  is 
representative  of  storms  in  the  Boston  area. 
Figure  A-l,  which  shows  the  average  distribu- 
tion of  rainfall  and  the  time  to  maximum  intensity, 
was  developed  from  selected  rainfall  records  at 
Logan  Airport,  Boston,  covering  the  period  i960 

to  1972.   Figure  A-l  was  developed  from  11 
selected  storms  ranging  from  5  to  9  hours  in 
duration  and  serves  as  the  basis  for  locating 
the  maximum  rainfall  intensity  in  the  6-hour 
design  storm. 

5.  The  design  hyetographs  for  a  storm  of  a  given 
frequency  and  duration  were  prepared  as  follows: 

a.  A  bar  graph  was  drawn  with  TIME  in  minutes 
plotted  on  the  x-axis  and  RAINFALL  DEPTH  in 
inches  plotted  on  the  y-axis. 

b.  The  point  in  time  was  located  where  the  maxi- 
mum rainfall  intensity  will  occur.   For  a 
6-hour  storm  duration,  this  point  occurs 

165  minutes  after  start  of  storm  according 
to  Figure  A-l. 

■ 

c.  At  the  point  of  maximum  intensity,  the  rain- 
fall depth  corresponding  to  the  selected 
time  increment  was  plotted.   For  a  6-hour 
storm  with  a  10-minute  time  increment,  the 
1-year  rainfall  depth  during  the  maximum 
10-minute  interval  is  0.4  38  inches,  while 
the  corresponding  rainfall  depth  for  a 
15-year  frequency  storm  is  0.89  inches. 
(See  Table  A-l) . 

d.  Using  the  location  of  the  hyetograph  peak  as 
a  starting  point,  rainfall  depths  were 
plotted  for  each  time  increment  correspond- 
ing to  the  storm  patterns  indicated  on 
Figure  A-l.   The  rainfall  depth  for  any 
given  time  period  equals  the  maximum  depth 
indicated  in  Table  A-l  for  a  similar  period. 

e.  The  ordinate  of  the  above  graph  was  then 
converted  to  rainfall  intensity  in  inches 
per  hour  to  produce  the  design  hyetographs. 
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FIG.  A  1  RAINFALL  MASS  DIAGRAM  BASED  ON  DATA  FROM  11  RANDOMLY 
SELECTED  STORMS  FOR  5  TO  9  HOURS  IN  DURATION 


Design  Hyetographs 

Figures  3-1  (in  Chapter  3)  and  A- 2  show  the  design 
hyetographs  for  1-  and  15-year,  6-hour  duration  design 
storms.   It  should  be  noted  that  these  hyetographs  do  not 
represent  actual  storm  events,  but  are  synthetic  storms 
fulfilling  the  U.  S.  Weather  Bureau  statistics  on  rainfall 
depth-duration- frequency  and  rainfall  distribution  pattern 
judged  typical  for  the  Boston  area. 
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APPENDIX  B 
COMPARISON  OF  1-  AND  15-YEAR  DESIGN  STORMS 


Although  the  scope  of  this  study  does  not  permit  an 
in-depth  analysis  of  hydrologic  conditions  to  fine-tune  the 
selection  of  design  storms,  a  comparison  was  made  of  storms 
of  various  severities  to  demonstrate  that  the  hydrologic 
design  criteria  for  purposes  of  drainage  protection  and  for 
water  quality  control  should  be  different.   Final  determina- 
tion of  the  degree  of  protection  must,  however,  also  be 
dependent  on  the  receiving  water  quality  analysis  during 
detailed  facilities  planning. 

Past  experience  indicates  that  for  water  quality 
control  use  of  storms  of  1-  or  2-year  return  period  is 
advisable.   The  three  key  reasons  for  using  the  shorter 
frequency  storm  for  water  quality  control  are  as  follows: 

1.   The  pollution  load  discharged  increases  at  a 
lesser  rate  than  flow  with  increased  storm 
severity  as  can  be  seen  from  Table  B-l  below. 


TABLE  B-l.   COMPARISON  OF  OVERFLOW  FROM  A  1- 
AND  A  15-YEAR  STORM  AS  SIMULATED  AT  THE 
LOWELL  STREET  OVERFLOW 


Parameters 
considered 

Storm 
1  year 

severity 

15  years 

Rat 
15- 

l-y 

;io 

•year  to 
'ear  storm 

Rainfall,  inches 

■1.78 

3. 

,42 

1.92 

Duration,  hours 

6 

6 

1.00 

Peak  flow,  cfs 

150 

228 

1.52 

BOD,-,  lb 
5 

366 

484 

1.32 

SS,  lb 

5,630 

7,523 

1.33 

The  increase  in  the  number  of  storms  treated  by 
going  from  a  1-year  to  a  15-year  storm  is  minimal 
Combined  sewer  overflow  studies  conducted  by 
Metcalf  &  Eddy,  Inc.  In  Middletown,  Ohio,  and 
in  Washington,  D.  C.  demonstrated  this.   It  Is 
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judged  that  conditions  in  the  EMMA  area  are 
similar  to  those  in  Middletown  and  Washington, 
D.  C.   Table  B-2  presents  a  summary  of  the 
Middletown  and  Washington,  D.  C.  data. 


TABLE  B-2.   STORM  FREQUENCY  VERSUS  RETURN  PERIODS 
BASED  ON  PEAK  HOURLY  INTENSITY 


Middletown,   Washington, 
Parameter  Ohio  D.  C. 


Period  of  record  1950  to  1972   1950  to  1971 

Length  of  record,  years  22  21 

Total  number  of  storms'1^      2,756         1,817 

Storms  smaller  or  equal 
to  1-year  severity  2,724         1,800 

Storms  greater  than 
1-year  severity(2)  32  17 

Average  number  of  storms 
per  year  with  a  peak 
hourly  intensity  greater 
than  1-year  storm  1.4  5  0.8l 


1.  A  storm  is  defined  as  any  measurable  rainfall  separated 
from  other  precipitation  by  at  least  6  hours. 

2.  Severity  is  measured  on  the  basis  of  peak  hourly  inten- 
sity during  a  storm. 


3.   The  first  flush  action  in  the  sewer  system  will 
enable  a  facility  designed  for  a  small  frequency 
storm  to  catch  and  treat  the  bulk  of  the  pollu- 
tants from  a  larger  frequency  storm.   This  can 
be  seen  on  Figures  B-l  and  B-2  which  plots 
computed  hydrograph  and  pollutographs  from  the 
Lowell  Street  drainage  area  for  the  15-year, 
6-hour  design  storm.   Flows  up  to  the  peak 
design  flow  of  150  cfs  for  the  1-year,  6-hour 
design  will  receive  intended  detention  and 
chlorination.   Flows  greater  than  150  cfs  will 
receive  reduced  detention  and  chlorination  in 
ratio  of  the  1-year  design  peak  flow  to  the 
actual  flow.   However,  this  reduced  detention 
and  chlorination  will  be  for  a  small  volume  of 
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the  overflow  compared  to  the  total  volume  of 
the  overflow  as  can  be  seen  from  Figures  B-l  and 
B-2. 
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APPENDIX  C 
MODEL  DEMONSTRATION  AND  APPLICABILITY 


The  purpose  of  demonstrating  a  model  is  to  insure 
that  the  observed  conditions  in  the  study  area  are  being 
represented  by  the  mathematical  formul-ations  in  the  model 
to  the  extent  necessary  for  decisionmaking.   In  order  to 
demonstrate  the  Storm  Water  Management  Model Ts  (SWMM) 
applicability  in  the  Boston  Harbor  combined  sewer  area 
measurements  at  the  Lowell  Street  overflow*  (area  C-14 
on  Figure  1-1)  were  compared  with  values  generated  by  the 
SWMM  under  similar  conditions. 

The  Lowell  Street  drainage  area  is  located  on  the 
eastern  edge  of  Cambridge  bordering  the  Charles  River  at  its 
outfall.   The  drainage  area  tributary  to  the  combined  sewer 
system  includes  approximately  222  acres  of  predominantly 
residential  land  area  with  an  average  percent  impervious- 
ness  of  about  40  percent.   The  area,  although  partly 
separated,  reacts  during  wet  weather  conditions  as  a  com- 
bined system. 

Presently  the  combined  system  is  connected  to  the 
MDC  North  Charles  Metropolitan  Sewer  at  Mt .  Auburn  and 
Lowell  Streets  by  a  24-inch  connection  at  a  regulator. 
Flow  in  excess  of  the  regulator  capacity  is  diverted  through 
the  52-inch  overflow  pipe  to  the  Charles  River.   It  is  the 
flow  through  the  52-inch  pipe  that  has  been  measured  and 
simulated.   Upon  completion  of  the  North  Charles  Relief 
Sewer  flow  up  to  10  mgd  will  be  diverted  into  the  relief 
sewer.   Flow  in  excess  of  10  mgd  will  overflow  to  the 
Charles  River. 

Since  rainfall  was  not  being  measured  at  the  Lowell 
Street  overflow  during  these  measurements,  recorded  hourly 
increments  at  Logan  International  Airport  approximately 
7  miles  from  the  study  area  were  selected.   However,  the 
recorded  rainfall  at  Logan  Airport  may  be  different  from 
the  rainfall  at  the  site  due  to  aerial  variability. 

In  order  to  reduce  this  uncertainty  data  from  two 
other  stations  collecting  daily  records  was  compared  to 
the  daily  records  from  Logan  Airport  during  that  period. 


*CombTned  Sewer  Overflows  to  the  Charles  River,  Common- 
wealth of  Massachusetts  Water  Resources  Commission,  by 
Process  Research,  Inc.,  1972. 
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These  two  stations  and  the  Logan  Airport  rain  gage  form  a 
triangle  which  encloses  the  Lowell  Street  study  area. 
These  two  stations  are: 

1.  Chestnut  Hill  Reservoir  (U.  S.  Weather  Bureau) 

2.  Spot  Pond  in  Stoneham  (U.  S.  Weather  Bureau) 

For  the  storms  of  25  November  1974  and  29-30  Novem- 
ber 1974,  used  to  simulate  Lowell  Street  overflows,  the 
correlation  among  the  three  stations  is  found  to  be  very 
good  (  +  .01  inch  total  volume)  indicating  that  the  two 
storms  recorded  at  Logan  Airport  are  representative  of  the 
rainfall  in  the  study  area. 

Figure  C-l  shows  the  computed  and  observed  hydro- 
graphs  for  the  storms  of  25  November  1971  and  Figure  C-2 
shows  the  computed  and  observed  hydrographs  for  the  storm 
of  29  November  1971.   Respective  rainfall  hyetographs  are 
also  shown  on  each  figure. 

Storm  of  25  November  1971 

Storm  characteristics 

Total  rainfall  2.59  inches 

Duration  19  hours 

The  shape  of  the  observed  and  computed  hydrographs 
for  this  storm  conform  well  throughout  the  first  .11  hours 
of  the  storm.   At  this  time  the  observed  discharge  drops 
off  sharply  and  then  increases  to  a  peak  of  28  cfs  at 
14:15  hours.   The  computed  discharge  does  not  decrease 
after  11  hours  but  rather  continues  to  increase  to  a  peak 
discharge  of  40.8  cfs  at  14:15  hours.   Since  the  recorded 
rainfall  record  indicates  no  marked  reduction  in  rainfall 
after  11  hours,  no  reduction  in  discharge  should  be  expected 
to  occur.   It  is  believed  that  the  sudden  reduction  of  the 
observed  flow  after  11  hours  indicates  one  of  two  things: 

1.  There  was  an  error  due  to  malfunctioning  of 
measuring  equipment,  or 

2.  The  actual  rainfall  in  the  study  area  differed 
from  the  rainfall  recorded  at  Logan  Airport. 

The  observed  hydrograph  was  adjusted  to  eliminate 
the  sudden  dip  and  the  result  shows  better  correlation  with 
the  computed  values  (dashed  line  on  Figure  C-l). 
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FIG.  C  2  COMPARISON  OF  COMPUTED  AND  RECORDED  HYDROGRAPHS 
AT  LOWELL  ST.  OVERFLOW  FOR  THE  STORM  OF  NOVEMBER  29,  1971 


Storm  of  29-30  November  1971 

Storm  characteristics 

Total  rainfall         1.07  inches 

Duration  6  hours 

The  hydrographs  for  the  observed  and  computed  dis- 
charges at  Lowell  Street  for  the  storm  of  the  19-30  November 
1971  compare  very  well.   The  shapes  are  very  similar  and  the 
peak  observed  flow  of  20  cfs  differ  by  only  5  percent  from 
the  computed  flow  of  19  cfs. 
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APPENDIX  D 

SIMULATED  FLOW  AND  POLLUTION  CHARACTERISTICS 
OF  DRAINAGE  EASINS  IN  THE  COMBINED 

SEWER  STUDY  AREA 
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TABLE  D-l.   OVERFLOW  CHARACTERISTICS  OF  EACH 
DRAINAGE  BASIN  FROM  l-YEAR-6  HOUR  DESIGN  STORM 

Peak, ts 
,    s    Outfall   ,.«',   flowUij,   BOD.,   SS, 
Municipality   PasinUj  numberQQUj   (cfs) (lb?    (lb) 


Boston 

B2 

119,34,32, 
2,3,4,6,8, 
18,20,22, 
24,26 

670 

1,800 

28,800 

Boston 

B3  ■ 

10,12,63 

780 

2,600 

35,800 

Boston 

B4 

17,16,^0, 
44,25,46, 
48,15,52, 
600 

4,080 

21,600 

■ 

257,600 

Boston 

B5 

57,45,43, 
19,9,27 

560 

3,800 

25,300 

Boston 

B9 

33,35,28 

1,700 

11,600 

112,300 

Boston 

B9A 

95(4),76, 
58,42 

200 

200 

3,800 

Boston 

B9B 

37,14,41, 
30,38,97 

330 

1,200 

13,100 

Boston 

B12 

67,50,49 

1,050 

5,300 

64,200 

Boston 

B16 

54,51,53 

650 

2,300 

21,800 

Brookline 

BR 

13 

480 

5,500 

35,600 

Cambridge 

C12 

5 

230 

800 

10,200 

Cambridge 

C14 

7 

150 

400 

5,600 

Chelsea 

CH 

1,21,63,31 

340 

1,800 

23,300 

Somerville 

SI 

36 

610 

10,400 

104,800 

Somerville 

S2 

90,88(4) 

110 

4,200 

32,000 

1.  Bl  represents  Charlestown  which  is  separating  its  sewers 
and  is,  therefore,  omitted  from  the  combined  pollution 
analysis . 

2.  For  location  see  Figure  2-1. 

3.  Peak  flow,  BOD5  and  SS  represent  a  simple  addition  of 
each  parameter  for  all  overflows  in  a  drainage  area. 

4.  Overflow  does  not  discharge  during  a  one  year  design 
storm. 
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TABLE  D-2.   RAINFALL  AND  RUNOFF  VOLUMES  FROM  EACH 
DRAINAGE  BASIN  FOR  A  1-YEAR-6-HOUR  DESIGN  STORM 


Municipality 

Basin^ 

Rainfall, 
(cu  ft)(2) 

Runoff, 
(cu  ft)(2) 

Percent 
runoff 

Boston 

B2 

6,463,700 

3,203,900 

50 

Boston 

B3 

8,369,200 

4,466,100 

53 

Boston 

B4 

7>973,500 

5,080,000 

64 

Boston 

B5 

5,394,100 

3,858,900 

72 

Boston 

B8(3) 

15,673,300 

8,867,700 

57 

Boston 

B9(n) 

15,316,500 

7,072,800 

46 

Boston 

BIO 

7,130,800 

1,952,700 

27 

Boston 

Bll 

14,840,000 

5,620,500 

38 

Boston 

B12 

13,911,200 

8,174,300 

59 

Boston 

B15 

25,186,300 

10,040,100 

40 

Boston 

B16 

9,195,300 

5,014,500 

55 

Brookline 

BR 

3,216,200 

1,912,600 

5^ 

Chelsea 

CH 

2,975,900 

2,054,700 

69 

Somerville 

SI 

8,850,800 

5,012,600 

57 

Somerville 

S2 

2,733,400 

1,820,800 

67 

Cambridge 

C3 

3,902,000 

2,603,000 

67 

Cambridge 

C7 

647,900 

346,300 

53 

Cambridge 

C8 

140,400 

109,200 

78 

Cambridge 

C9 

885,400 

686,400 

77 

Cambridge 

CIO 

2,472,000 

1,483,100 

60 

Cambridge 

C12 

1,423,200 

909,300 

64 

Cambridge 

Cl4 

1,432,000 

564,300 

39 

Cambridge 

C16 

763,900 

519,700 

68 

1.  Basin  Bl  represents  the  Charlestown  section  of  Boston 
which  is  separating  its  sewers  and  is,  therefore,  not 
Included  in  the  combined  sewer  analysis. 

2.  Rainfall  and  runoff  volumes  are  calculated  in  the  Storm 
Water  Management  Model  for  each  basin. 

3.  Basin  B8  includes  B8A  and  B8B. 

4.  Basin  B9  includes  B9A  and  B9B. 
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APPENDIX  E 
COMPUTER  MODELING  INSTRUCTIONS 


This  appendix  contains  the  user  instructions  for  the 
computer  programs  necessary  for  the  modeling  and  analysis 
of  combined  sewer  systems.   Included  here  is  the  EPART 
PROGRAM  MANUAL. 


EPART  PROGRAM  MANUAL 

I.   GENERAL  DESCRIPTION 

A.  NAME:   EPART 

EPART  is  a  modified  version  of  certain  parts  of 
the  EPA  Storm  Water  Management  Model  (EPASWMM). 
It  basically  contains  the  EXECUTIVE,  RUNOFF, 
TRANSPORT,  and  COMBINE  blocks  of  EPASWMM  with 
modifications  to  facilitate  the  use  of  the  model 
for  combined  sewer  system  analysis.   However, 
EPART  has  retained  all  capabilities  of  these 
blocks  as  they  were  developed  originally  for 
EPASWMM. 

B.  DESCRIPTION: 

EPART  is  a  comprehensive  mathematical  model 
capable  of  representing  urban  stormwater  runoff 
and  sewer  flow  phenomena.   This  mathematical 
model  is  used  to  simulate  storm  events  on  the 
basis  of  rainfall  inputs,  (hyetographs)  and  system 
characterization  (overland  and  sewer  flow)  to 
predict  outcomes  in  the  form  of  time  varying 
quantity  (hydrographs)  and  quality  (pollutographs) 
values . 

This  manual  presents  utilization  of  those  capabil- 
ities to  analyze  the  combined  sewers  of  the  MDC 
area. 

Complete  documentation  of  the  technical  concepts 
and  user  instructions  are  presented  in  the 
following  references  published  by  the  Water 
Quality  Office,  Environmental  Protection  Agency 
as  part  of  their  Water  Pollution  Control  Research 
Series: 
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1102*JDOC07/71 

Storm  Water  Management  Model,  Vol.  I  - 
Final  Report ;  by  Metcalf  &  Eddy  Engineers, 
Palo  Alto,  California 

11024DOC08/71 

Storm  Water  Management  Model,  Vol.  II  - 
Verification  and  Testing;  by  Metcalf  & 
Eddy,  Inc.,  Palo  Alto,  California 

11024DOC09/71 

Storm  Water  Management   Model,    Vol.    Ill   - 
User's   Manual;    by  Metcalf  &   Eddy   Engineers, 
Inc.,    Palo  Alto,    California 

11024DOC10/71 

Storm  Water  Management  Model,  Vol.  IV  - 
Program  Listing;  by  Metcalf  &  Eddy 
Engineers,  Palo  Alto,  California 

C.  PURPOSE: 

EPART  is  used  as  an  analytic  tool  to  determine 
those  pipes  in  the  sewer  network  that  are  inade- 
quate to  transport  the  design  storm  and  to  examine 
the  conditions  in  a  sewer  system  under  alternative 
stormwater  routing  and  pipe  replacement  strategies 
for  remedial  action. 

D.  CAPABILITIES  AND  FEATURES: 

EPART  is  organized  into  separate  control  and  com- 
putational blocks,  each  with  certain  capabilities: 

1.  The  EXECUTIVE  Block  is  the  main  control  block 
with  the  following  duties: 

a.  Assigns  logical  file  numbers  (type/disk/ 
drum) 

b.  Maintains  control  of  the  execution  of  all 
other  blocks 

c.  Produces  user-selected  results  as  plots 
on  the  line  printer 

2.  The  RUNOFF  Block  computes  the  stormwater  run- 
off from  a  given  design  storm  for  each  sub- 
catchment  and  stores  the  results  in  the  form 
of  hydrographs  and  pollutographs  at  inlets  to 
the  main  sewer  system  to  be  used  by  TRANSPORT. 
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3.  The  TRANSPORT  Block  performs  the  flow  and 
pollutants  routing  in  the  main  sewer  system 
picking  up  the  runoff  results  as  input  and 
producing  hydrographs,  pollutographs  and 
flooding  conditions.   These  hydrographs  and 
pollutographs  are  then  printed  in  tabular  form 
at  user-selected  points.   At  other  user- 
selected  points,  hydrographs  and  pollutographs 
are  stored  on  a  file  normally  so  that  sub- 
routine GRAPH  in  the  EXECUTIVE  Block  can 
produce  printed  plots  at  these  points.   Addi- 
tionally, the  TRANSPORT  Block  produces  a  table 
of  pipes  and  conduits  that  are  surcharged 
during  the  storm.   For  the  conduits  in  which 
maximum  depth  of  surcharge  is  exceeded  addi- 
tional flow  is  stored  on  streets  and  pavements. 
The  volume  (cubic  feet)  of  stormwater  retained 
on  streets  and  pavements  upstream  of  any 
undersized  pipe  for  any  time  step  during  the 
flow  routing  is  listed  by  the  program. 

4.  The  COMBINE  block  combines  hydrographs  and 
pollutographs  from  several  input  files  onto 
one  tape  in  the  format  accepted  by  EPART. 
This  block  is  used  to  pick  up  output  hydro- 
graphs  and  pollutographs  from  tributary  com- 
bined sewer  areas  for  which  EPART  model  runs 
have  already  been  completed  for  use  as  input 
to  downstream  combined  sewer  areas .   The 
COMBINE  block  overcomes  the  problem  of 
modeling  a  combined  sewer  system  in  which 
there  are  more  than  150  sewer  elements  that 
can  be  modeled  by  using  EPART  (maximum  150 
elements  including  manholes). 

E.   RESTRICTION  AND  LIMITATIONS: 

The  maximum  and  minimum  values  for  all  input  items 
as  well  as  any  interdependencies  of  data  items 
are  described  in  Section  II  -  USER  INSTRUCTIONS. 

EPART  has  no  inherent  data  checking  capability  and 
incorrect  data  may  provide  erratic  results.   It  is, 
therefore,  imperative  that  a  careful  check  of  the 
input  be  carried  out. 

II.   USER  INSTRUCTIONS 

A.   PROGRAM  PROCESSING: 

This  section  describes  the  steps  performed  in 
EPART. 
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Execution  begins  with  the  EXECUTIVE  Block  where 
title  and  description  cards  are  read  and  the 
logical  file  numbers  are  assigned  for  scratch 
files  and  for  input/output  for  each  program  block 
used. 

The  next  block  is  the  RUNOFF  Block  where  the 
outflow  hydrograph  and  pollutographs  from  each 
subcatchment  are  computed  at  user-specified  points 
in  the  system  (manholes)  and  stored  on  the  output 
file  specified  in  the  EXECUTIVE  Block. 

The  COMBINE  Block  can  be  used  following  the  RUNOFF 
Block  to  pick  up  from  files  hydrographs  and  pollu- 
tographs from  combined  sewer  areas  tributary  to 
the  area  now  being  modeled  by  EPART  and  which 
have  been  modeled  by  EPART  prior  to  this  run. 
This  allows  a  large  combined  sewer  area  to  be 
subdivided  into  smaller  tributary  areas  to  over- 
come the  maximum  limit  of  150  elements  in  the 
TRANSPORT  Block. 

COMBINE  first  reads  the  main  control  file  giving 
a  two-card  title,  the  number  of  time  steps, 
number  of  pollutants,  time  step  length,  time 
of  day,  the  number  of  and  a  list  of  nonconduit 
numbers  to  be  found  in  the  input  stream.   The 
program  searches  the  input  stream  file-by-file, 
filling  arrays  in  core  with  the  required  data. 
When  all  input  files  are  complete,  the  output 
tape  is  created  from  these  arrays.  Any  error  in 
consistency  terminates  processing.   All  hydro- 
graphs  and  pollutographs  picked  up  by  the  COMBINE 
Block  are  also  stored  on  the  output  file  specified. 

The  TRANSPORT  Block  reads  the  above  information 
as  input  hydrographs  and  pollutographs  from  the 
file  specified  in  the  EXECUTIVE  Block  (normally 
the  same  file  number  as  the  RUNOFF  Block  output 
file),  and  routes  these  hydrographs  and  polluto- 
graphs through  the  specified  conveyance  system 
(sewers,  manholes,  pump  stations,  and  other 
structures)  producing  hydrographs  and  polluto- 
graphs at  selected  locations  in  the  system  and 
information  on  surcharge  and  flooding  as  a  result 
of  pipe  inadequacies,  wherever  such  occurs. 

Finally,  any  hydrograph(s)  and  pollutographs  to  be 
processed  further  are  stored  on  the  output  file 
specified  within  the  EXECUTIVE  Block.   For 
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example,  subroutine  GRAPH  may  be  called  after  the 
TRANSPORT  Block  to  produce  printer  plots  of 
selected  hydrograph(s )  and  pollutographs  stored 
on  the  TRANSPORT  Block  output  file. 

The  run  is  terminated  when  the  EXECUTIVE  Block 
reads  the  END  PROGRAM  card. 

B.   LOGISTICS: 

EPART  will  execute  in  520K  bytes  (without  overlays) 
for  run  times  in  the  vicinity  of  ^5  seconds  (on 
an  IBM  System  360/75).   Using  a  simple  overlay 
structure,  the  program  may  be  run  in  a  36OK  region 
with  a  negligible  change  in  execution  time. 

The  file  requirements  for  EPART  are  shown  on 
Table  EPART-1. 


table  epart-1.     pile  requirements 

recfk(i)  lrecl(^)  blksize(3) 


Name 


Description 


FT0  5F001 
PT0  6P001/hN 
FTOlFOOr     } 
FT0  2F001^) 
FT03FO.Ol(4  ) 

FTO^FOOl^) 
FT13P001C14) 

FToPFnm(I0 

FT09F00l(^) 


Card  input 

— 

Main  print  fi 

.le 

FBA 

Scratch  file 

VBS 

Scratch  file 

VBS 

Scratch  file 

VBS 

Scratch  file 

VBS 

Scratch  file 

VBS 

Input/Output 

file 

VBS 

Input/Output 

file 

VBS 

133 
800^) 

8oo(!0 

800^) 

SooW 

800(^) 
800(il 


1,330 


W 


7,204({O 

7,204c11) 
7,204(;O 
7, 204^4^ 
7,204^) 
7,  204^  ^ 
7 1  2  0  4  ( 4  ) 


1 .  Record  format . 

2.  Logical  record  length. 

3.  Block  size. 

4..  Suggested  values  -  user  option. 

Every  output  manhole  for  which  hydrographs  and 
pollutographs  are  to  be  picked  up  by  the  COMBINE 
Block  for  use  later  must  be  found  once  and  only 
once  on  the  input  file  specified  in  the  COMBINE 
Block. 

The  following  limits  are  imposed  based  on  the 
capacity  of  EPART  by  the  COMBINE  Block: 

1.   150  time  steps  maximum 
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2.  60  manholes  output  maximum 

3.  3  pollutants  maximum 

k.      16  input  files  are  allowed 

5.  Input  file  number  5  is  assumed  to  be  a  card 
file 

6.  All  others  are  assumed  to  be  EPART  format 
tape  or  disk  file 

7.  All  inputs  must  agree  with  the  number  of 
pollutants,  number  of  time  steps,  and  time 
step  length 

Inconsistencies  with  any  of  the  above  rules  except 
rule  (5)  will  generate  an  explanatory  error 
message.   Breaking  rule  (5)  will  generate  a 
Fortran  abend. 

Note:   Manholes  input  from  cards  can  be  placed  in 
file  FT05  F001  behind  the  control  input  by  using 
5  as  one  of  the  input  file  numbers  of  on  card  3 
of  the  control  cards. 

C.  INPUT  DATA  REQUIREMENTS: 

The  input  data  required  for  each  block  are  des- 
cribed on  Figures  EPART- 1  through  5  and  Tables 
EPART- 2  through  7.   EPART  has  no  inherent 
facility  to  perform  data  checking.   Therefore,  it 
is  important  that  a  check  of  input  data  be  carried 
out . 

D.  INTERPRETATION  OF  RESULTS: 

In  addition  to  printing  out  the  results  of  the 
simulation,  input  data  are  reproduced  for  veri- 
fication of  the  data  input.   A  check  of  this 
should  be  carried  out  prior  to  the  analysis  of 
results . 

For  the  determination  of  sewer  adequacy,  two 
items  of  key  information  are  provided;  namely, 
outflow  hydrographs  at  selected  points  and 
flooding  conditions  whenever  such  occur. 

Flooding  Conditions.   An  output  table  lists  all 
surcharged  elements  for  each  time  step  and  is 
produced  according  to  the  following  logic:   As 
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soon  as  the  flow  in  any  pipe  or  conduit  exceeds 
the  maximum  capacity  (QMAX)  it  is  considered  to 
be  surcharged  by  the  program.   Pipe  capacity  under 
surcharged  conditions  are  calculated  using  the 
slope  of  the  hydraulic  grade  line  based  on  sur- 
charged depths  in  the  downstream  and  upstream 
manholes.   At  each  time  step  whether  any  pipe  will 
be  surcharged  at  the  upstream  end  is  determined  by 
the  depth  of  surcharge  at  the  downstream  manhole, 
pipe  capacity  and  inflow  at  the  upstream  end. 
Thereafter,  all  flow  in  excess  of  pipe  capacity 
under  maximum  surcharge  depth  in  the  upstream 
manhole  is  stored  at  the  upstream  manhole  and  the 
volume  stored  during  each  time-step  is  printed 
out.   The  surcharged  element  continues  to  flow 
full  until  the  upstream  depth  of  surcharge 
returns  to  zero  at  which  point  normal  flow 
continues.   In  this  table,  the  time  shows  the 
seconds  from  beginning  of  storm  to  the  flooding 
condition.   The  surcharged  element  is  the  under- 
sized pipe.   The  storage  element  is  the  manhole 
upstream  of  the  surcharged  pipe  where  the  sur- 
charge is  stored.   This  surcharge  is  shown  as  the 
cumulative  volume  at  each  point  in  time. 
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CNAME  =  END  PROGRAM 

}   SEE  TABLE  EPART  2 


GRAPH  DATACARDS 


CNAME  =  GRAPH 

SEE  FIG.  EPART  3&  4 


TRANSPORT  BLOCK  DATA  CARDS 


CNAME  =  TRANSPORT 


->     AND  TABLES  EPART  4  &  6 


=    1 

RUNOFF  BLOCK  DATACARDS 


CNAME  =  WATERSHED 


SCRATCH  TAPE  ASSIGNMENTS 


INPUT/OUTPUT  TAPE  ASSIGNMENTS 


STORM  DESCRIPTION 


/     GENERAL  RUN  DESCRIPTION 

f 


TITLE  CARD 


SEE  FIG  EPART  2 
AND  TABLE  EPART  3 


FIG.  EPART  1  DATA  DECK  STRUCTURE  FOR  THE  EXECUTIVE  BLOCK 
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Tabic  EPART  5.  Summary  of  Area  Relationships  and 
Required  Conduit  Dimensions* 


Ntype 

Shape 

Area 

Required  dimensions, 
ft 

1 

Circular 

(7r/4)(CI)(2> 

GEOMl=Diameter 

2 

Rectangular 

Gl  (G2) 

GE0M1=H  eight 
GEOM2=Width 

3 

Egg-shaped 

0.5105(G1)<2) 

CE0M1=H  eight 

4 

Horseshoe 

0.829  (Gl)<2) 

GEOMl=Height 

5 

Gothie 

0.655  (Gl/2* 

GEOMl=Height 

6 

Catenary 

0.703  (Gl)(2) 

GEOMl=Height 

7 

Semielliptic 

0.785  (Gl)(2> 

GEOMl=Height 

8 

Basket-handle 

0.786  (Gl)<2) 

GEOMl=Height 

9 

Serhi-circular 

1.27  (Gl)<2) 

GEOMl=Height 

10 

Modified  basket- 
handle 

G2(C1  +  (tt/8)G2) 

GEOMl=Side  height 
GEOM2=Width 

11 


Rectangular,  G2(G1  -  G3/2)         GEOMl=Height 

triangular  bottom  GEOM2=Width 

GEOM3=Invert  height 


12 


Rectangular, 
round  bottom 


9=2ARS1N 
(G2/2G3) 

Area=  Gl  (G2) 
+  (G3)2/ 


GEOMl=Side  height 
GEOM2=Width 
GEOM3=Invert  radius 


2(0  -  SIN(0)) 


16 

Manhole 

18 

Flow  divider 

20 

Flow  divider 

21 

Flow  divider 

#* 


** 


** 


** 


*Refer  to  Figure  EPART-4  for  definition  of  dimensions,  Gl,  G2,  and  G3. 
**Refer  to  Table  EPART-6  for  definition  of  non-conduit  data. 

E-35 


«5 

s 


erf 


C 
a; 

£ 

3        rtj 
Z      ^ 


(-1 

-a 


o 
-3 

o 


T3 

-3   tS 

co       > 

O      3 


3      « 

.5  -o 


c 

o 

a- 


o    3    g 


g    GS     3    ES     «     £ 


c 

-3  E 

H  ^ 

S      d 

z   tS 


CD 
-3 


-a 
<d 


-    S3 

S  .6 

>  -a 
c 

3 


■a    8 


<» 


,S  (8    3  53  52  "o 


o    o 


© 

4-* 


is 

o 


c 
o 
O 

i 

3 
0 

z 


I 
I 

erf 

4> 
4-» 

4) 


S3 

ft. 

i 

H 
Crf 

< 

Cm 

■8 


--3 

erf 

trf 

s 


CM 

I 


53 

to 
o 
-rf 


o 

CO 


O 


erf 

Z 


erf 
Z 


erf 

Z 


e 
o 

u 


erf 
z 


erf 
Z 


erf 
z 


erf 

erf 

Z 

z 

£ 

£ 

-d 

O 

© 

Gh 

3 

4^ 

a 

erf 

£ 

X 

CD 

> 

3 

o 

Z 

s 

3 

es 

o  •- 


CO 
CO 

CD 

X 
CD 


CO 

O 


CD 

^3 

-o 

> 

0) 
4-1 

CO 

<u 

4-» 

.85 

-d 

erf 

erf 

z 

z 

u< 

CD 

-d 

•  p— t 

© 

.E 

3 

^ 

1 

o 

s 

fa 

Z 

E 

3 

E 

•  F* 

4-> 

X 

0J 

«S 

-3 

CD 

5 

£ 

0 

4^ 

4-> 

D- 

Q 

3 

CO 

CD 

£ 
•J3 

o 

Cm 
3 

■4-1 

3 

« 

4-» 
CO 

.a 

4-> 

3 

<u 

«+-! 

O 

*- 

N— ' 

o 

CO 

-3 

.a 

CD 

to 

© 

£ 

3 

£ 

4-> 

J£ 

£ 

o 

■a 

"3 

•>-H 

-3 

£ 

£ 

CD 

3 

X 

m 

£ 

be 

3 

3 

4-> 
43 

, 

X 

O 

.w 

rt 


S  -5 


.5P-S3   &, 

43      to      43 

^lcS£ 


o 


£  cs 

3 


£  .a 

o     9^ 


.§    o 

x  -q 


3    X 


« 


M 

4) 

-d 

•FN 

o 


> 

o 


-vO 


CO 


o 


E-36 


.£2 

'5 

-d 

e 

o 

U 

c 

o 

z 

a 


OS 

CO 

U 

03 


(0 

On 


03 
3 

e 
•5 

c 

o 

u 

vO 

t 

or 

Cu 

W 

o 


O 


os 
OS 

oq 


CM 

O 
O 


o 
os 


o 


© 

faq 


c/} 


e 
o 

E. 

u 


03 

-a 


3 

Z 


g 


-3 

O 


-a 


00 


o    c    o 

£  c    3  e: 


OS 

z 

CO 

o 

o 

«4- 

o 

O 

Ed 
O 

0 

O 

Id 
o 

CO 

-3 

— 

4J 

c 

O) 

o 

03 

-3 

13 
03 

fe 

5= 

£ 

03 

OS 

z 


OS 

z 


-3 
3     £      ^    O 

3       i_       cU     ^ 

£    §>   -a  j= 

n 


3- 

CO 


«2      3      O    -3      UJ 


OS 

z 


03 


-3 
O 


m 


% 

Oh 

w 

CO 

H 

c 


43 

c 

H3 
CO 

•- 

CB 

*3 

§ 

43 
Ih 

o 

CO 

I* 

cu 

+■> 
cu 


a 


Oi 


Ed 

Oh 

P 

H 

Z 

v_»- 

45 

o- 

£> 

H3 

C 

M 

^^^ 

Ed 

o 

2 

t- 

43 

-a 

£ 

3 

C 

*-> 

c 

cu 

S 

JZ 

"S 

c 

« 

CO 

.3. 

3 

cr 

43 

43 

lH 

■-> 

CO 

— ' 

'3 

c 

er 

43 

CO 

3 

4-1 

43 

O 

"a3 

z 

_ 

II 

3 

DS 

W 

Z 

H 

O 

p-3 

Z 

E-37 


BLANK  CARD 


L 


DATA  FOR  COLIFORM 


BLANK  CARD 


L 


L 


L 


r 


i 


L 


DATA  FOR  SS(LB/MIN) 


BLANK  CARD 


DATA  FOR  BOD  (LB/MI N) 


BLANK  CARD 


DATA  FOR  HYDROGRAPH 


CONTROL  CARDS 


TITLE  CARDS 


IFNFILECD-5 
ANDCOLIFOR.V: 
PLOT  NEEDFD 


IFNFILE(l»-5 
AND  S3 
PLOT  NEEDED 


IFNFILE(I)  =5 
AND  BOD 
PLOT  NEEDED 


IFNFILE(D-& 
AND  HYDROGRAPH 
PLOT  NEEDHD 


FIG.  E PART- 4  DATA  DECK  STRUCTURE  FOR  THE  COMBINE  BLOCK 
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APPENDIX  F 
INDEX  OF  MODELING  PACKAGES 


APPENDIX  F 
INDEX  OF  MODELING  PACKAGES 


The  combined  sewer  systems  in  Metropolitan  Boston 
were  modeled  using  the  EPA  Storm  Water  Management  Model  to 
quantify  the  flows  and  pollutants  discharged  into  the 
receiving  waters  during  a  1-year  6-hour  storm.   The  entire 
combined  sewer  area  was  subdivided  into  smaller  areas  as 
shown  on  Figure  2-1,  to  conform  with  the  internal  opera- 
tional constraints  of  the  model.   These  constraints  limit 
the  input  data  pertaining  to  representation  of  the  physical 
system  to  160  sewer  elements,  including  manholes.   Each  of 
the  subareas  having  combined  sewers  were  modeled  as  a 
separate  computer  run  and  were  given  a  designation  for  easy 
identification  of  computer  outputs.   Table  F-l  lists  the 
designations  used  for  each  of  the  28  subareas  together  with 
the  municipality  in  which  they  are  located  and  the  area 
description.   The  input  data  decks,  their  listings,  and  the 
results  of  computer  modeling  runs  are  not  included  in  this 
report,  but  are  on  file  with  the  Metropolitan  District 
Commission. 

The  combined  sewer  system  in  Boston  is  complicated 
in  that  there  are  a  number  of  major  sewers  originating  in 
one  part  of  the  City  and  traveling  across  the  City,  with 
many  interconnections,  before  overflowing  to  the  receiving 
waters.   Thus,  even  though  the  City  was  subdivided  into 
smaller  areas  to  conform  to  the  limitation  of  a  maximum 
of  160  sewer  elements  per  model  run,  hydrographs  and 
pollutographs  from  one  subarea  had  to  be  routed  through 
other  subareas  to  reflect  the  actual  operation  of  the 
sewer  system.   All  sewers  crossing  from  one  subarea  to 
another  had  hydrographs  and  pollutographs  transferred  via 
a  manhole  common  to  both  areas  as  shown  on  Figure  F-l.   In 
Figure  F-l  the  numbers  identify  each  transfer  from  one 
subarea  to  another  and  the  arrows  indicate  the  direction 
of  the  transfer. 

It  was  necessary  to  model  the  subareas  in  the 
sequence  shown  in  Table  F-2  in  order  to  generate  any 
necessary  hydrographs  and  pollutographs  for  transfer  to 
adjacent  areas: 


F-l 


TABLE  F-l.   LIST  OF  COMPUTER  MODELING  PACKAGES 

Computer  modeling                  Area 
No,    package  designation   Municipality   description 

1  Bl  Boston      Charlestown  area 

2  B2  Boston      East  Boston  and 

Orient  Heights  area 

3  B3  Boston      Brighton  area 

4  B4  Boston      Area  tributary  to 

Boston  Marginal 
Conduit  and  Lowell 
Street,  Boston 

5  B5  Boston      Downtown  Boston 

6  B8  Boston      Parts  of  Roxbury 

and  Dorchester 

7  B8A  Boston      Parts  of  Roxbury 

and  Jamaica  Plain 

8  B8B  Boston      Parts  of  Roxbury 

9  B9  Boston      Parts  of  South 

Boston  and 
Dorchester 

10  B9A  Boston      Parts  of  South 

Boston  (Reserved 
channel  and  Fort 
Point  channel  area) 

11  B9B  Boston      Parts  of  South 

Boston  (Beach  areas) 

12  BIO  Boston      Parts  of  West 

Roxbury 

13  Bll  Boston      Most  of  Jamaica 

Plain 

1^  B12  Boston      Parts  of  Dorchester 

15  B15  Boston      Parts  of  Roslindale 

and  Hyde  Park 

16  B16  Boston      Parts  of  Dorchester 

and  Mattapan 

F-2 


TABLE  P-l  (Continued).   LIST  OF  COMPUTER  MODELING  PACKAGES 


Computer  modeling 
No .    package  designation 


Area 
Municipality   description 


17 


18 


19 


20 


21 


22 


23 

24 
25 

26 
27 


28 


BR 


C3 


C7 


C8 


C9 


CIO 


C12 

C14 

C16 

CH 


SI 


(1) 


S2 


Brookline 


Cambridge 


Cambridge 

Cambridge 

Cambridge 

Cambridge 

Cambridge 

Cambridge 
Cambridge 

Chelsea 
Somerville 


Somerville 


Area  tributary  to 
St.  Mary's  Street 
combined  sewer 

Area  enclosed  by 
Mass.  Avenue, 
Cambridge  Street, 
and  Fifth  Street 

Part  of  area 
tributary  to  BU 
facility 

Part  of  area 
tributary  to  BU 
facility 

Part  of  area 
tributary  to  BU 
facility 

Part  of  area 
tributary  to  BU 
facility 

Part  of  area 
tributary  to  BU 
facility 

Area  tributary  to 
Lowell  Street 

Area  tributary  to 
Alewife  Brook 
Conduit 

Downtown  combined 
sewer  area 

Area  tributary  to 
McGrath  Highway  com- 
bined sewer  and  the 
Cambridge  Marginal 
Conduit 

Area  tributary  to 
Somerville  Pretreat- 
ment  Facility  and 
Marginal  Conduit 


1.   Includes  Cambridge  subarea  CI. 

■p-3 


• 


4500      9000       13500 
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FIG.  F-l  TRANSFER  MANHOLES  IN  COMBINED  SEWER  MODELING 


TABLE  F-2.   INTERRELATED  SUBAREA  MODELING  SEQUENCE 
Modeling  order  Subarea  designation" 

1  B5 

2  B9A 

3  B9B 

4  B15 

5  B16 

6  Bll 

7  B12 
'8  B8A 
9  B8B 

10  B4 

11  B8 

12  B9 

13  BR 
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